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YVFLGIVLALIGAIFLLIVLY

Transmembrane Domain
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Human 5T4 paralogue (hPLS) (chromosome 11, location 11q13.4)

Human Genomic

>refiINC_000011.8NC_000011:74629070-74630891 Homo sapiens chromosome 11,
reference assembly, complete sequence

ATGAGTAACTTTCTCAGCCCACCCCTCATCCCTTCCTCCGGTAGTAGGAGCAGCTCTARAGTCCTCCCCA
ACCCCCGAATTCTCCCTGGTGGTGACCCACCTGCCTGCTCTCCGCAGTCGGGCCCCGCCCCACACGTGCT
GGAGAAGGAGGAGGARGGACCCAGCTTARATGTTGGGGGTGGAGGAGGAGGAARACCAAGTCGGAGCCTC
CAGGAGCCAAACTTCTCGGCAGCCCGGAGGGGCGGGGGCGGAGAGGATGAAGAGAAAGCGCAGCAGCCGA
CAGCCCTGATTCTCGGGAGCCTCCCACCCCGCCTCCCACGGCGAGGAGGGCGCGGAGACTCCGCTGGGGG
CGGAGGACGAGACCGGGAGGCGGGGAGGGGGGAGGCAAACCCTGCCCACTCGGCTCGGAGCCCGGAGCGG
CCGCGGAAGCCGGAGGCCGGCGCGCAGGGCGAGGGCACCGGGGGCGGGGGGCTCCGCTCCCCGTCTGACC
CCTCTTGCCCCCGGCCAGTCAGCCAGTAAGTGCGGCTCCTCAGACTTTCGAGACAGCGAACGGACCGACC
GGGACTGCCAGCCGCTCCGGGTCAAGGACTCGCCCCACCCGTGCCCCCCACCAGGCGCTCCCAACTCACT
GGTGAGCGCGGCGGCCCGGGCGCTGGATGCGGGGGCGGCCGCGATGGCCCCGCGCGCGGGACAGCCEGEE
CTCCAGGGGCTGCTGCTCGTGGCGGCGGCGCTGAGCCAGCCCGCGGCACCCTGCCCCTTCCAGTGCTACT
GCTTCGGCGGCCCCAAGCTGCTGCTGCGCTGCGCGTCGGGAGCCGAGCTCCGCCAGCCTCCGCGGGACGT
GCCGCCCGACGCGCGCAACCTCACCATCGTAGGCGCCAACCTGACGGTGCTGCGCGCGGCCGCCTTCGCC
GGCGGGGACGGGGACGGCGACCAGGCGGCGGGCGTGCGCCTGCCGCTCCTGAGCGCGCTGCGCCTCACGC
ACAACCACATCGAGGTGGTGGAGGACGGCGCCTTCGACGGGCTGCCCAGCCTGGCGGCGCTCGACCTCAG
CCACAACCCGCTGCGCGCCCTGGGCGGCGGCGCCTTCCGCGGGCTGCCCGCGCTGCGCTCGCTGCAGCTC
ARCCACGCGCTGGTGCGCGGCGGCCCCGCGCTGCTGGCCGCGCTGGACGCTGCGCTGGCACCGCTGGCCG
AGCTTCGCCTGCTGGGCCTAGCGGGCARCGCGCTGAGCCGTCTGCCGCCAGCCGCCCTGCGCCTGGCGCG
CCTGGAGCAGCTGGACGTGCGCCTCAACGCGCTGGCCGGCCTGGACCCCGACGAGCTGCGCGCGCTCGAG
CGCGATGGCGGCCTCCCCGGGCCGCGCCTGCTGCTCGCCGACAACCCCCTGCGCTGCGGCTGTGCCGCAC
GCCCCCTGCTGGCCTGGCTGCGCARCGCCACGGAGCGCGTGCCCGACTCGCEGCGCCIGCGCTGCGCCGC
CCCGCGGGCGCTGCTAGACCGGCCGCTACTGGACCTGGACGGGGCGCGGCTTCGCTGCGCGGACAGCGGC
GCCGACGCTCGCGGAGAGGAGGCGGAGGCCGCCGGCCCGGAGC TGGAAGCCTCCTACGTGTTCTTCGGGC
TGGTGCTGGCACTCATCGGCCTCATCTTCCTCATGGTGCTCTACCTAAACCGCCGCGGCATCCAGCGCTG
GATGCGCAACCTGCGCGAGGCGTGCCGGGACCAGATGGAGGGCTACCACTACCGCTACGAGCAGGACGCC
GACCCGCGCCGCGLCGLCCCGLCGCCCGCCGCGCCCGCGEGECTCCCGCGCCACCTCCCCGGECTCGGGGCTCT
GA
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Human mRNA (hPLS5)
>gi|113422496|ref]lXM_497310.3| PREDICTED: Homo sapiens similar to
hCG1820409 (LOC441617), nRNA

ATGAGTAACTTTCTCAGCCCACCCCTCATCCCTTCCTCCGGTAGTAGGAGCAGCTCTAAAGTCCTCCCCA
ACCCCCGAATTCTCCCTGGTGGTGACCCACCTGCCTGCTCTCCGCAGTCGGGCCCCGCCCCACACGTGLT
GGAGAAGGAGGAGGAAGGACCCAGCTTAAATGTTGGGGGTGGAGGAGGAGGARAACCAAGTCGGAGCCTC
CAGGAGCCAAACTTCTCGGCAGCCCGGAGGGGCGGGGGCGGAGAGGATGAAGAGAAAGCGCAGCAGCCGA
CAGCCCTGATTCTCGGGAGCCTCCCACCCCGCCTCCCACGGCGAGGAGGGCGCGGAGACTCCGCTGGGGG
CGGAGGACGAGACCGGGAGGCGGGGAGGGGGGAGGCAAACCCTGCCCACTCGGCTCGGAGCCCGGAGCGG
CCGCGGAAGCCGGAGGCCGGCGCGCAGGACTTTCGAGACAGCGAACGGACCGACCGGGACTGCCAGCCGC
TCCGGGTCAAGGACTCGCCCCACCCGTGCCCCCCACCAGGCGCTCCCAACTCACTGGTGAGCGCGGCGGC
CCGGGCGCTGGATGCGGGGGCGGCCGCGATGGCCCCGCGCGCGGGACAGCCGGGGCTCCAGGGGCTGCTG
CTCGTGGCGGCGGCGCTGAGCCAGCCCGCGGCACCCTGCCCCTTCCAGTGCTACTGCTTCGGCGGCCCCA
AGCTGCTGCTGCGCTGCGCGTCGGGAGCCGAGCTCCGCCAGCCTCCGCGGGACGTGCCGCCCGACGCGCG
CAACCTCACCATCGTAGGCGCCAACCTGACGGTGCTGCGCGCGGCCGCCTTCGCCGGCGGGGACGGGGAC
GGCGACCAGGCGGCGGGCGTGCGCCTGCCGCTCCTGAGCGCGCTGCGCCTCACGCACARCCACATCGAGG
TGGTGGAGGACGGCGCCTTCGACGGGCTGCCCAGCCTGGCGGCGCTCGACCTCAGCCACAACCCGCTGCG
CGCCCTGGGCGGCGGCGCCTTCCGCGGGCTGCCCGCGCTGCGCTCGCTGCAGCTCAACCACGCGCTGGTG
CGCGGCGGCCCCGCGCTGCTGGCCGCGCTGGACGCTGCGCTGGCACCGCTGGCCGAGCTTCGCCTGCTGG
GCCTAGCGGGCAACGCGCTGAGCCGTCTGCCGCCAGCCGCCCTGCGCCTGGCGCGCCTGGAGCAGCTGGA
CGTGCGCCTCAACGCGCTGGCCGGCCTGGACCCCGACGAGCTGCGCGCGCTGGAGCGCGATGGCGGCCTC
CCCGGGCCGCGCCTGCTGCTCGCCGACAACCCCCTGCGCTGCGGCTGTGCCGCACGCCCCCTGCTGGCCT
GGCTGCGCAACGCCACGGAGCGCGTGCCCGACTCGCGGCGCCTECGCTGCGCCGCCCCGCGGGCGCTGCT
AGACCGGCCGCTACTGGACCTGGACGGGGCGCGGCTTCGCTGCGCGGACAGCGGCGCCGACGCTCGCGGA
GAGGAGGCGGAGGCCGCCGGCCCGGAGCTGGAAGCCTCCTACGTGTTCTTCGGGCTGGTGCTGGCACTCA
TCGGCCTCATCTTCCTCATGGTGCTCTACCTAAACCGCCGCGGCATCCAGCGCTGGATGCGCAACCTGCG
CGAGGCGTGCCGGGACCAGATGGAGGGCTACCACTACCGCTACGAGCAGGACGCCGACCCGCGCCGCGLG
CCCGCGCCCGCCGCGCCCGCGGGCTCCCGCGCCACCTCCCCGGGCTCGGGGCTCTGA
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Human protein PL5
MAPRAGQPGLQGLLLVAAALSQPAAPCPFQCYCFGGPKLLLRCASGAELRQPPRDVPPD
ARNLTIVGANLTVLRAAAFAGGDGDGDQAAGVRLPLLSALRLTHNHIEVVEDGAFDGL
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LRCGCAARPLLAWLRNATERVPDSRRLRCAAPRALLDRPLLDLDGARLRCADSGADAR
GEEAEAAGPELEASYVFFGLVLALIGLIFLMVLYLNRRGIQRWMRNLREACRDQMEGY
HYRYEQDADPRRAPAPAAPAGSRATSPGSGL

Optimal Kozak sequence (Kozak, 1987) GCCRCCAUGG
First in-frame AUG codon context CGGAAAAUGA
Second in-frame AUG codon context GCCGCGAUGG
Original translation initiation site Alternate translation initiation site
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Human 5T4 aligned with human PLS5, transmembrane region highlighted (*)

574 : MPGGCSR DGRLEMA LLGWVSSSSIZTSSASSTSASAILASAYVSA PoCm PATLJAC HIAMTIRIKCY

PL5 ¢ ———=o- MR REYE - - QG AAALSQPAR-——~m—~c - QCYCFGG-[SKMLLREASGAIL D P2D

574 : g PAYVRNIL T QLAVL OAle A fpIRR P 2 AEM 2hNa GSRUMDERRE £ ROABAAIANIAJIS D

215 : G. TYLRADBIIE g —~ — —— GOEEIIAG PIyS HNHREVE 3] ¥V LD, SHN P 1138 1 {e]e]

574 : SESNASVSADSHIV I 2PEDERQNRSFEGMVY. G QGLRRLELASNEFLYLPRD P8 SN

PL5 : RB----=--- LPayR IAIVRGG—— === ==~ — - L-———— e rmemm e~ A, ] BE AG

574 : AV AT YV S ER T S E 4 HNG AR o -~ HI E WV Cle HMA T Rid 3 QGK

215 : [eMsriEopantE- 2 RIESIAGH DR DEMR AIRIR DAL G k LREAEARR N ARY3 R O D SRig
Fode W de R W e e R W ke AW o e A

5Tq : ::Ez P 3 eDD——————— - A= LIS 1.0) GIVLALIGY IFLLVLYLNRKGIE RY)

PLS : R MSRE RES RIADSGADARGEEREALGEEIAD IIGLVLALI IFLMVLYLNRRGT YE
e W Ve e ol ok W W o W sk e W W ok W

EEC I A CROEMEGY HY RY EMNAD PR e TEaE
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Murine 5T4 paralogue (chromosome 7, location 7E2)(mPL5)

Murine Genomic

>reffNC_000073.5|NC_000073:c106777643-106772343 Mus musculus chromosome 7, reference
assembly (C57BL/6J)

AGCATCAAACAGACAGACATTTATTGAAATACCTACTGGACATAATACACTGGCAACTCCCGAAGGGAGA
GAGCCCTTCTTCCAGAGAACACAACAATTCCCTCATTCATACAACACAGAGRACACGACTCCCCTTGCCT
AATGATGTCCGTTCTTCTTAAGCTTCTCTTCCCCAGCTGAGGTGTTTAACACCAGTCAATGAAAGCTGCC
TGCAACTATGTAACCCCTCTCCCTCGGAGAAGGCAGTCAGCAGCAATGAGAAGGCAGCCACCATGAARAAC
CGGAGAGGGAGTTTTGGCCTTGGCAGTGGTCTACACTTCCGTAGGGACTGGAGGCAGGTCTCCATGCAGT
TAAGTGGGGGAAGCAGGCTGTTCTGGTCACTCATGATTTGAGCACTTGTGCTGTATGAGAAAAGGTACCT
GTGACCTCCAAAGGCCARGGACATAGTCCAGAGCAGGAGAGGGCCCCGTCTGTACGCATTCACTTTCACA
AGAGTCTGCAAGCTGCCCCTCTAAGGCTGCAGTTGAACCTGTGTTGGCCCAGTGAGTGAACACTCAAGCA
CTTTGGTATGCTTCTGACTCTATGGACACATACCAGGTTACACTCAAAGCCGCTATGTACACAGGCACGA
ATGTGCCTGCATGTGTCTATGTGAGACACATT TGTTTGGAACTGCTGTGTGCAAGCCTCCCGTGCACATG
CATGCACATCCAAGTAAGAATAAATTTGATAGACCACACATGGGCATGTGTAAGTCTGTTTGTGTARAGT
TTGCCTTTTTGTGTAGAGGCACACGTGTGTAAACTCAGGTGGCCATGTATACAGACATGTCCAGCTCTAA
AAGCTACTACTGTCATCTGCTAGCATCTGGAGGTTATCATGGAGACAGGACTAGGTCAATATGAGCTGAG
GGAGTCCAGCAAGATCACCAGCCTGGTCCTTAGTGTTGGTATTTGCCTGAGACCCAGGGAATGCAGGATA
TGCCTCAGAAAGTGGTTTCAATTTGCTGGTCGATCTTCTAAATGCAACTTCAGGGAAGAAACCAACCAGT
AGTCTTCAGTTCAGGAGAAAGAGACTGACTGATGCT TATGGGGAGGAGGGGAGCCTCTATCCCAACCAGC
TCTGCCAAGTARGATACTCGAATGGCCTGCAGATCAAATGTCAGCTTCTCCAACCTGAATAATTCATGCC
AAGACCAGGAATGCTCCCTCCTCTGGAGTCTGTCTCTTTAAATCAGGTCTTGAGCTTCTCAATTCTGGAG
GAAAAAAAAAGTAAATAAGTAAAACCCAGAAAGAAAGAAAAACAARACAAAACAAAACAAGCCTATTAAC
AGCTCAGCCCCCACCTCAGCCCTGGATTTTACCACACCCCCACCCTCCACTACAAAATCAGTTCCTGATT
TTCCTGCTCCTAGAGCCCTCTCCCCAACCGGCACACCACTCAATATTGACTGGTAGGGCAATTTGGAGGG
GAAGGGGCACAGTATCCTGGCAGTACTCAGTGCTGGGGCGGGGTGGGCAAGCAAAGAGCTGAATCACTCC
ACCCACCGCTCCCTGAGCCTAGGAGGGGCCCAGCCTGAAAGGTGGAACCAATGGGAGTGGTCTTGGCAGA
GGCAGAGCAGCCTGAATTAGGGCGCGGGAGATGTGGGGACAGAGGGTGTTTTAGAACATAGAAGAGGGTC
GATAAAAGACTGGACACACAGGACCTGCAGAGTTTTAGACACAGCCTAAGGGAACTGGGTTCGCAAAGGA
GACATCCAAGGCTAGGGATTTTCCAGGCTCGCTCCCTTAGCACAGCTCCTTTCCTTGACTACAAGAAGAG
TAACTTTGTCAGCCCACCCCTCAGCCCTGCCTCCTTTTCTAGGGACAGCTCTARACTCTCCCACCTTCTC
TGGGTGCACAGATCCACCTGCCAGGTCAGCCCTGAGGGCCCCGCCCCACGTGTGCTTCGGAGGGAGGAGG
AAAGAAGCTGCCTAAACGAAGGGGGTGGGGARAGAAGCAAGTCAGAGCTTGGGGAGCCAAACTTCTCAGC
AGCTCGTGAACTAGAGAGCAGGGGAGCAAGAGAGCGCAGCGGCCCTAAGCCTGCATCTCCGGAGCCTCCC
ACCCCGCCTCCCTTGCGAGGAGGTGCGGAGACTCCGCTGGGGGCGGAGGAGGCGGCCAGGAGGCGGGGAG
GGGGAGGCAAACCCTGCCCACTCGGCTCGGAGCCCGGAACAGCCGCGGAAGTCGGAGGCCGGAGCGCAGG
GCGACGAGGGCAGCGAGGGCGGGGGGCTCCGCTCCCCGCCTGACCCCTGTAGCCCCCAGCCATCARAGTG
AAGGCTCCTCGGACTTTACAAGCTGGAGGACGGACCGGTCGGAACTGTCAGCTGCTCCGGGTCAAGGTCT
AGCCCACAGCCACCTTCCCGTGCCACCCCCATCCCATCATCTCCAAACGCTCCCAATTCACTGGTGAGCG
CTGCGGGCCGGGGGCTGGATGCGGGGACGGCCGCGATGGCCCCGCGCGCGGGACAGCGGGGGCTCTGGAG
CCCGCTGCCAGGGCTGCTGCTCTTGGCGGCGGCGCTGAGCCGGCCCGCCGCGCCCTGTCCCTTCCAGTGT
TACTGCTTCGGCAGCCCCCGGTTAATGTTGCGCTGCGCGTCGGGCGCGGAGCTCCGGCAGCCGLCCCCGGG
ACGTGCCACCCGACGCGCGCAACCTCACCATCGTGGGCGCCAACCTGACCGTGCTGCGCGCCGCAGCCTT
CGCGGGAGGGGGCGAGGGGGCGACGGACGGCGTGCGCCTACCGCTCCTTACCGCGCTGCGCCTCACACAC
AACAACATCGAGGTAGTAGAGGACGGTGCCTTCGACGGGTTGCCCAGCCTGGCGGCACTCGACCTAAGCC
ACAACCCGCTACGCGCCCTGGGCTACCGCGCCTTTCGCGGGCTGCCTGCGCTGCGCTCACTACAGCTCAA
TCACGCGCTGGCTCGAGGCAGCCCCGGGATGCTGGATGCACTGGACGCCGCTCTGGCCCCCCTGGCCGAG
CTTCGCCTGCTGGGCTTGGTAGGCAACGCGCTGAGCCGCCTGCCACTCGCCGCGLCTGCGCCTGCCCCGLC
TGGAGCAGCTGGATGCGCGTGTCAACGCGCTGGCCGGCCTGGGCCCGGACGAGCTGAGCGCGCTTGAGCG
CGATGGCGACCTGCCCCAGCCGCGCCTGCTGCTGGCGGACAACCCACTGAGCTGTGGGTGCACCTCGCGC
CCCCTGCTGGCCTGGCTGCACAACGCCACCGAGCGCGTACCCGACGCGCGCCGCCTGCGCTGCGCTTCCC
CGCGCGTACTGTTGGACCGGCCTCTGATAGACCTGGACGAGGCGCGACTAGGTTGCTCCGACGGCGATGC
ACACGAGAGCGGGGAAGGGATAGACGTCGCCGGCCCGGAGTTGGAAGCCTCTTACGTCTTCTTCGGGCTG
GTGCTGGCACTCATCGGCCTCATCTTCCTCATGGTGCTCTACCTARACCGCCGCGGCATCCAACGCTGGA
TGCACAATTTGCGCGAGGCCTGCAGAGATCAGATGGAGGGCTACCACTACCGCTACGAGCAGGATGCAGA
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CCCACGCCGCGCGCCTGCTCCGGCCGCCCCTGCCGGCTCCCGGGCCACTTCTCCAGGCTCGGGTCTCTGA
GCATCACCTCCCTAGTGGGAGGCTGTTCCTATCAGCTGATGACTTTACTTGGGCCATGCAGCCTTTCTCT
GCCTGGCCTGGGCCCCGGAGATAACACACTTACGAGTTTGGATCTCTGAGACCTTTGGATCAATCGTAGT
ATCTCTCCCATACAGAAATTCCAAGGTGTACTCTTTCCCTGGCCTTAGAGTTTCCAGATCAAAAACCCAG
AAATCTGTTTTCAGAAACAAATCCTGCCTGCCGGTCCTTACTGGACCATTGAAATTGAAATTCCTTCTCC
CTGTCCAGGCTCACCCARAGATCCTGCTCTTCCATTTTGAAATCTCTAGCACTTTCTCCACCTTTCTATA
TGCTTTAAGCCAGACACCCTGGCTAGATTGCACTGACCCCTGCTCCAGGGTAGAAGACCTCAGTCCCTTT
CTCAGAGTTCTGGGGGGAGGGGGGGTCTACCCTTCTGGTCTCTTTGGAAGGTTTTTATGAAGTTTGAGCT
TTTTGTCCCACCTCAGAACTCTGGGCTCTCCATCATGTAACCCAAATCTGAAGGCTTTCAGTGGTCTCCT
CTAATCTGATTTGCTTCATACCCTGGTTCTAGCTCAGGCCCTTCCATTCCTTGCTCTTGGCTGGGTTTCA
GCTCCGGCCTTGTCTCTTTCATGCCAGGGGCAAGGAAGGCTTGGTGTAGAATCCAAGCCTTAGCCTTTCT
GTTGCGGCTCTAATGTCCCAACAGAGTTTGTCCTCCATCTAAAAGTCAGCTCTTCACCCCAGTCACTTTC
ATGCCCTGGCCCAAGTCTTAGGCTCTCAGTCCCCTTGACATCCATCGCTGGCACTTTTACCATTCATTGA
CCAGGGGCCAGAGAGGGCTCTTCCCCCATGGTGGGGTGCTACCCACTGCCCTCCTAGGAGATGTTCTCCC
ATCCTGCAGGACAAGTAAAAGCACCCCCATAGCATATAGGCAGACTTGAGGGAGGAAGGGAGCAGGTGGG
GTGAGCAGGGTCTCCAATCCAGGGCCACTGGTCTGTCTGGAAACGTGAGGCTTGGAGCTGCTGCCCATCT
GTGCTCTGTGCTTCACCATCCACACGGTCCTCCCCTGGGAACTCCTTGCTACCACCTCTCATGCCTTCTG
GAAGGGGATGGAGTCTGACCTCTTGTCTCAGTCTCAGTGGARAGCTTTCCTGGTCAAGGTCATGGCCTCA
GTGCCCTGCCTTCTGCATGATCCCAAAGCACAATGGTGAGTGAGGGGGAACTGCCTCCCTGCCTCTCACC
CTAAGTCAGGCAGAATGGCAGGCCTGTGCTGCCTCTGCACAGGAAGGTCTTCCTCCTCTGTATATCGGCT
TGAGGCCCGCTGTCCCCATCCTCAACTGAGAAATCTGGACCTCCCTTGGGCTGTTTTCTATAAAGTCTGC
AATAATCTCCGATGCTCTCTGCTCTTGTAAGTGGTTCTGTGTTTGTCCTACTGACCTTGGGGCATTGGTG
GGCGTGAAAGGTGACAAGAGGTGGCCATTTGGGGCAGTGGCCCTTATGCACTCTCTGGAGATGTGGGAAA
AAGAAACAGGCTGTGAGTACACATAGCAAGACTGAGGCTAGACACAGGGGGTGGGGGTGCTCTCCGTCAT
TCTCCAGCCTGCTTTTTAATGGTCTGAAACGGGCTTATCCACAGCCAGCAT

Figure 22B



U.S. Patent May 6, 2014 Sheet 25 of 32 US 8,715,947 B2

Murine mRNA (mPLS5)
>gil94380878|ref|[XM_486328.4| PREDICTED: Mus musculus predicted gene,
EG245190 (EG245190), nRNA

AGCATCAAACAGACAGACATTTATTGAAATACCTACTGGACATAATACACTGGCAACTCCCGAAGGGAGA
GAGCCCTTCTTCCAGAGAACACAACAATTCCCTCATTCATACAACACAGAGAACACGACTCCCCTTGCCT
AATGATGTCCGTTCTTCTTAAGCTTCTCTTCCCCAGCTGAGGTGTTTAACACCAGTCAARTGARAGCTGCC
TGCAACTATGTAACCCCTCTCCCTCGGAGAAGGCAGTCAGCAGCAATGAGAAGGCAGCCACCATGARAAC
CGGAGAGGGAGTTTTGGCCTTGGCAGTGGTCTACACTTCCGTAGGGACTGGAGGCAGGTCTCCATGCAGT
TAAGTGGGGGAAGCAGGCTGTTCTGGTCACTCATGATTTGAGCACTTGTGCTGTATGAGAAAAGGTACCT
GTGACCTCCAAAGGCCAAGGACATAGTCCAGAGCAGGAGAGGGCCCCGTCTGTACGCATTCACTTTCACA
AGAGTCTGCAAGCTGCCCCTCTAAGGCTGCAGTTGAACCTGTGTTGGCCCAGTGAGTGAACACTCAAGCA
CTTTGGTATGCTTCTGACTCTATGGACACATACCAGGTTACACTCAAAGCCGCTATGTACACAGGCACGA
ATGTGCCTGCATGTGTCTATGTGAGACACATTTGTTTGGAACTGCTGTGTGCAAGCCTCCCGTGCACATG
CATGCACATCCAAGTAAGAATAAATTTGATAGACCACACATGGGCATGTGTAAGTCTGTTTGTGTARAGT
TTGCCTTTTTGTGTAGAGGCACACGTGTGTARACTCAGGTGGCCATGTATACAGACATGTCCAGCTCTAA
AAGCTACTACTGTCATCTGCTAGCATCTGGAGGTTATCATGGAGACAGGACTAGGTCAATATGAGCTGAG
GGAGTCCAGCAAGATCACCAGCCTGGTCCTTAGTGTTGGTATTTGCCTGAGACCCAGGGAATGCAGGATA
TGCCTCAGRAAAGTGGTTTCAATTTGCTGGTCGATCTTCTAARTGCAACTTCAGGGAAGAARACCAACCAGT
AGTCTTCAGTTCAGGAGAAAGAGACTGACTGATGCTTATGGGGAGGAGGGGAGCCTCTATCCCAACCAGC
TCTGCCAAGTAAGATACTCGAATGGCCTGCAGATCARATGTCAGCTTCTCCAACCTGAATAATTCATGCC
AAGACCAGGAATGCTCCCTCCTCTGGAGTCTGTCTCTTTAAATCAGGTCTTGAGCTTCTCAATTCTGGAG
GAAAAAAAAAGTAAATAAGTAAAACCCAGAAAGAAAGAAAAACAAAACAAAACAAAACAAGCCTATTAAC
AGCTCAGCCCCCACCTCAGCCCTGGATTTTACCACACCCCCACCCTCCACTACAAAATCAGTTCCTGATT
TTCCTGCTCCTAGAGCCCTCTCCCCRAACCGGCACACCACTCARTATTGACTGGTAGGGCAATTTGGAGGG
GAAGGGGCACAGTATCCTGGCAGTACTCAGTGCTGGGGCGGGGTGGGCAAGCARAGAGCTGAATCACTCC
ACCCACCGCTCCCTGAGCCTAGGAGGGGCCCAGCCTGARAGGTGGAACCAATGGGAGTGGTCTTGGCAGA
GGCAGAGCAGCCTGAATTAGGGCGCGGGAGATGTGGGGACAGAGGGTGTTTTAGAACATAGAAGAGGGTC
GATAAAAGACTGGACACACAGGACCTGCAGAGTTTTAGACACAGCCTAAGGGAACTGGGTTCGCAAAGGA
GACATCCAAGGCTAGGGATTTTCCAGGCTCGCTCCCTTAGCACAGCTCCTTTCCTTGACTACAAGAAGAG
TAACTTTGTCAGCCCACCCCTCAGCCCTGCCTCCTTTTCTAGGGACAGCTCTAAACTCTCCCACCTTCTC
TGGGTGCACAGATCCACCTGCCAGGTCAGCCCTGAGGGCCCCGCCCCACGTGTGCTTCGGAGGGAGGAGG
ARAGAAGCTGCCTAAACGAAGGGGGTGGGGAAAGAAGCAAGTCAGAGCTTGGGGAGCCARACTTCTCAGC
AGCTCGTGAACTAGAGAGCAGGGGAGCAAGAGAGCGCAGCGGCCCTAAGCCTGCATCTCCGGAGCCTCCC
ACCCCGCCTCCCTTGCGAGGAGGTGCGGAGACTCCGCTGGGGGCGGAGGAGGCGGCCAGGAGGCGGGGAG
GGGGAGGCARAACCCTGCCCACTCGGCTCGGAGCCCGGAACAGCCGCGGAAGTCGGAGGCCGGAGCGCAGG
GCGACGAGGGCAGCGAGGGCGGGGGGCTCCGCTCCCCGCCTGACCCCTGTAGCCCCCAGCCATCAARGTG
AAGGCTCCTCGGACTTTACAAGCTGGAGGACGGACCGGTCGGAACTGTCAGCTGCTCCGGGTCAAGGTCT
AGCCCACAGCCACCTTCCCGTGCCACCCCCATCCCATCATCTCCAAACGCTCCCAATTCACTGGTGAGCG
CTGCGGGCCGGGGGCTGGATGCGGGGACGGCCGCGATGGCCCCGCGCGCGGGACAGCGGGGGCTCTGGAG
CCCGCTGCCAGGGCTGCTGCTCTTGGCGGCGGCGCTGAGCCGGCCCGCCGCGCCCTGTCCCTTCCAGTGT
TACTGCTTCGGCAGCCCCCGGTTAATGTTGCGCTGCGCGTCGGGCGCGGAGCTCCGGCAGCCGCCCCGGG
ACGTGCCACCCGACGCGCGCAACCTCACCATCGTGGGCGCCAACCTGACCGTGCTGCGCGCCGCAGCCTT
CGCGGGAGGGGGCGAGGGGGCGACGGACGGCGTGCGCCTACCGCTCCTTACCGCGCTGCGCCTCACACAC
AACAACATCGAGGTAGTAGAGGACGGTGCCTTCGACGGGTTGCCCAGCCTGGCGGCACTCGACCTARGCC
ACAACCCGCTACGCGCCCTGGGCTACCGCGCCTT TCGCGGGCTGCCTGCGCTGCGCTCACTACAGCTCAA
TCACGCGCTGGCTCGAGGCAGCCCCGGGATGCTGGATGCACTGGACGCCGCTCTGGCCCCCCTGGCCGAG
CTTCGCCTGCTGGGCTTGGTAGGCAACGCGCTGAGCCGCCTGCCACTCGCCGCGLCTGCGCCTGCCCCGLCC
TGGAGCAGCTGGATGCGCGTGTCAACGCGCTGGCCGGCCTGGGCCCGGACGAGCTGAGCGCGCTTGAGCG
CGATGGCGACCTGCCCCAGCCGCGCCTGCTGCTGGCGGACAACCCACTGAGCTGTGGGTGCACCTCGCGC
CCCCTGCTGGCCTGGCTGCACAACGCCACCGAGCGCGTACCCGACGCGCGCCGCCTGCGCTGCGCTTCCC
CGCGCGTACTGTTGGACCGGCCTCTGATAGACCTGGACGAGGCGCGACTAGGTTGCTCCGACGGCGATGC
ACACGAGAGCGGGGAAGGGATAGACGTCGCCGGCCCGGAGTTGGAAGCCTCTTACGTCTTCTTCGGGCTG
GTGCTGGCACTCATCGGCCTCATCTTCCTCATGGTGCTCTACCTARACCGCCGCGGCATCCAACGCTGGA
TGCACAATTTGCGCGAGGCCTGCAGAGATCAGATGGAGGGCTACCACTACCGCTACGAGCAGGATGCAGA
CCCACGCCGCGCGCCTGCTCCGGCCGCCCCTGCCGGCTCCCGGGCCACTTCTCCAGGCTCGGGTCTCTGA
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GCATCACCTCCCTAGTGGGAGGCTGTTCCTATCAGCTGATGACTTTACTTGGGCCATGCAGCCTTTCTCT
GCCTGGCCTGGGCCCCGGAGATAACACACTTACGAGTTTGGATCTCTGAGACCTTTGGATCAATCGTAGT
ATCTCTCCCATACAGAAATTCCAAGGTGTACTCTTTCCCTGGCCTTAGAGTTTCCAGATCAARRACCCAG
AAATCTGTTTTCAGAAACAAATCCTGCCTGCCGGTCCTTACTGGACCATTGARATTGAAATTCCTTCTCC
CTGTCCAGGCTCACCCAAAGATCCTGCTCTTCCATTTTGAARTCTCTAGCACTTTCTCCACCTTTCTATA
TGCTTTAAGCCAGACACCCTGGCTAGATTGCACTGACCCCTGCTCCAGGGTAGAAGACCTCAGTCCCTTT
CTCAGAGTTCTGGGGGGAGGGGGGGTCTACCCTTCTGGTCTCTTTGGAAGGTTTTTATGAAGTTTGAGCT
TTTTGTCCCACCTCAGAACTCTGGGCTCTCCATCATGTAACCCAAATCTGAAGGCTTTCAGTGGTCTCCT
CTAATCTGATTTGCTTCATACCCTGGTTCTAGCTCAGGCCCTTCCATTCCTTGCTCTTGGCTGGGTTTCA
GCTCCGGCCTTGTCTCTTTCATGCCAGGGGCAAGGAAGGCTTGGTGTAGAATCCAAGCCTTAGCCTTTCT
GTTGCGGCTCTAATGTCCCAACAGAGTTTGTCCTCCATCTAAAAGTCAGCTCTTCACCCCAGTCACTTTC
ATGCCCTGGCCCAAGTCTTAGGCTCTCAGTCCCCTTGACATCCATCGCTGGCACTTTTACCATTCATTGA
CCAGGGGCCAGAGAGGGCTCTTCCCCCATGGTGGGGTGCTACCCACTGCCCTCCTAGGAGATGTTCTCCC
ATCCTGCAGGACAAGTAAAAGCACCCCCATAGCATATAGGCAGACTTGAGGGAGGARGGGAGCAGGTGGG
GTGAGCAGGGTCTCCAATCCAGGGCCACTGGTCTGTCTGGAAACGTGAGGCTTGGAGCTGCTGCCCATCT
GTGCTCTGTGCTTCACCATCCACACGGTCCTCCCCTGGGAACTCCTTGCTACCACCTCTCATGCCTTCTG
GAAGGGGATGGAGTCTGACCTCTTGTCTCAGTCTCAGTGGAAAGCTTTCCTGGTCAAGGTCATGGCCTCA
GTGCCCTGCCTTCTGCATGATCCCAAAGCACAATGGTGAGTGAGGGGGAACTGCCTCCCTGCCTCTCACC
CTAAGTCAGGCAGAATGGCAGGCCTGTGCTGCCTCTGCACAGGAAGGTCTTCCTCCTCTGTATATCGGCT
TGAGGCCCGCTGTCCCCATCCTCAACTGAGAAATCTGGACCTCCCTTGGGCTGTTTTCTATARAGTCTGC
AATAATCTCCGATGCTCTCTGCTCTTGTAAGTGGTTCTGTGTTTGTCCTACTGACCTTGGGGCATTGGTG
GGCGTGARAGGTGACAAGAGGTGGCCATTTGGGGCAGTGGCCCTTATGCACTCTCTGGAGATGTGGGAAA
AAGAAACAGGCTGTGAGTACACATAGCAAGACTGAGGCTAGACACAGGGGGTGGGGGTGCTCTCCGTCAT
TCTCCAGCCTGCTTTTTAATGGTCTGAAACGGGCTTATCCACAGCCAGCAT

Figure 23B
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Murine Protein (nPLS5)

>gi|51829389|ref|XP_486328.1| PREDICTED: similar to hCG 1820409 [Mus
musculus]

MAPRAGQRGLWSPLPGLLLLAAALSRPAAPCPFQCYCFGSPRLMLRCASGAEL
RQPPRDVPPDARNLTIVGANLTVLRAAAFAGGGEGATDGVRLPLLTALRLTHN
NIEVVEDGAFDGLPSLAALDLSHNPLRALGYRAFRGLPALRSLQLNHALARGS
PGMLDALDAALAPLAELRLLGLVGNALSRLPLAALRLPRLEQLDARVNALAG
LGPDELSALERDGDLPQPRLLLADNPLSCGCTSRPLLAWLHNATERVPDARRL
RCASPRVLLDRPLIDLDEARLGCSDGDAHESGEGIDVAGPELEASYVFFGLVLA

LIGLIFLMVLYLNRRGIQRWMHNLREACRDQMEGYHYRYEQDADPRRAPAPA
APAGSRATSPGSGL

Figure 24
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Murine amino acid alignment with murine 5T4, transmembrane region highlighted (*)
m5T4 S SPlePSAGLGRLRLARLALVLLGHVSASAPEE SR sssTs AR fflascflop e RigEAr SEAME~ VN-RN @ 81
mS5T4para : 13 A Glo R Gl e LA A AgG -~~~ =~ = LL. LSREZA TReVe FGSARLMAdeASGAE 32
m5T4 : = bs k3 Tk ok RQPP-—-~~=-— A $:1Esayi E RSN Tdls : 158
m3P4para : 3 50 THVEAX ; GGCEGATCGVRIEDL R EHEVEE! oAgSEnAAREREIGRRAIC : 136
nsT4 B SNASVSAPS IR PIEDQRONGSFEGMVAF. 2P ALRSGLALRGLTRLELASNHFLFLPROIERACHE 1 242
mST4para : YRGIPRE-----~- LPAMRY MMARCSPr=mceme oo LDBAA-—=———rmm e mmmmem e 3 : 176
nsT4 ¢ Weigirng v ey 31yt LE[=1 1R RVBIRNSTAERHG - ~-HARVERET s vma K- Epg3 : 322
m5Tépara : | VAL PSR P LA H PRI M CARY AQEGRLEMSALERDGIN #QT E LS@HASTSRE HX, : 259
v R e e e W e e e ke
nSTY I (¢ E3E R SS, el ainind LogsiieT MGIVLALIGR IFLLVLYLNRRGI){ KWMHN I FJKE1
n5T4para : @A S5RY 3 EARMGS SDOGDAHE SGEG I AG PEAa BGLVLALIGHIFLMVLYLNRRGIfe RWMHNL RJEEECL ¥}
w574 : MEGYHYRYEMNA D PF LTNIES 1 426
nST4para : {eMEGYHY R Y Ef GRADAPAAPAGSRATEEF : 384

Figure 25
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5T4 paralogue Expressed Sequence Tags

5T4 Paralogue mRNA

>gi|26328418|dbj|AK032609.1| Mus musculus adult male olfactory brain
cDNA, RIKEN full-length enriched library, clone:6430704N06
product:hypothetical Cysteine-rich flanking region, C-terminal
containing protein, full insert sequence

GCAGCCCCGGGATGCTGGATGCACTGGACGCCGCTCTGGCCCCCCTGGCCGAGCTTCGCCTGCTGGGCTT
GGTAGGCAACGCGCTGAGCCGCCTGCCACTCGCCGCGCTGCGCCTGCCCCGCCTGGAGCAGCTGGATGCG
CGTGTCAACGCGCTGGCCGGCCTGGGCCCGGACGAGCTGAGCGCGCTTGAGCGCGATGGCGACCTGCCCC
AGCCGCGCCTGCTGCTGGCGGACAARCCCACTGAGCTGTGGGTGCACCTCGCGCCCCCTGCTGGCCTGGET
GCACAACGCCACCGAGCGCGTACCCGACGCGCGCCGCCTGCGCTGCGCTTCCCCGCGCGTACTGTTGGAC
CGGCCTCTGATAGACCTGGACGAGGCGCGACTAGGTTGCTCCGACGGCGATGCACACGAGAGCGGGGAAG
GGATAGACGTCGCCGGCCCGGAGTTGGAAGCCTCTTACGTCTTCTTCGGGCTGGTGCTGGCACTCATCGG
CCTCATCTTCCTCATGGTGCTCTACCTAAACCGCCGCGGCATCCAACGCTGGATGCACAATTTGCGCGAG
GCCTGCAGAGATCAGATGGAGGGCTACCACTACCGCTACGAGCAGGATGCAGACCCACGCCGCGCGCCTG
CTCCGGCCGCCCCTGCCGGCTCCCGGGCCACTTCTCCAGGCTCGGGTCTCTGAGCATCACCTACCTAGTG
GGAGGCTGTTCCTATCAGCTGATGACTTTACTTGGGCCATGCAGCCTTTCTCTGCCTGGCCTGGGCCCAG
GAGATAACACACTTACGAGTTTGGATCTCTGAGACCTTTGGATCAATCGTAGTATCTCTCCCATACAGAA
ATTCCAAGGTGTACTCTTTCCCTGGCCTTAGAGTTTCCAGATCAAARAACCCAGARATCTGTTTTCAGAAA
CAAATCCTGCCTGCCGGTCCTTACTGGACCATTGAAATTGARATTCCTTCTCCCTGTCCAGGCTCACCCA
AAGATCCTGCTCTTCCATTTTGAAATCTCTAGCACTTTCTCCACCTTTCTATATGCTTTAAGCCAGACAC
CCTGGCTAGATTGCACTGACCCCTGCTCCAGGGTAGAAGACCTCAGTCCCTTTCTCAGAGTTCTGGGGGG
AGGGGGGGTCTACCCTTCTGGTCTCTTTGGAAGGTTTTTATGAAGTTTGAGCTTTTTGTCCCACCTCAGA
ACTCTGGGCTCTCCATCATGTAACCCARATCTGAAGGCTTTCAGTGGTCTCCTCTAATCTGATTTGCTTC
ATACCCTGGTTCTAGCTCAGGCCCTTCCATTCCTTGCTCTTGGCTGGGTTTCAGCTCCGGCCTTGTCTCT
TTCATGCCAGGGGCAARGGAAGGCTTGGTGTAGAATCCAAGCCTTAGCCTTTCTGTTGCGGCTCTAATGTC
CCAACAGAGTTTGTCCTCAATCTARAAGTCAGCTCTTCACCCCAGTCACTTTCATGCCCTGGCCCARAGTC
TTAGGCTCTCAGTCCCCTTGACATCCATCGCTGGCACTTTTACCATTCATTGACCAGGGGCCAGAGAGGG
CTCTTCCCCCATGGTGGGGTGCTACCCACTGCCCTCCTAGGAGATGTTCTCCCATCCTGCAGGACAAGTA
AAAGCACCCCCATAGCATATAGGCAGACTTGAGGGAGGAAGGGAGCAGGTGGGGTGAGCAGGGTCTCCAA
TCCAGGGCCACTGGTCTGTCTGGAARCGTGAGGCTTGGAGCTGCTGCCCATCTGTGCTCTGTGCTTCACC
ATCCACACGGTCCTCCCCTGGGAACTCCTTGCTACCACCTCTCATGCCTTCTGGAAGGGGATGGAGTCTG
ACCTCTTGTCTCAGTCTCAGTGGAAAGCTTTCCTGGTCAAGGTCATGGCCTCAGTGCCCCTGCCTTCTGC
ATGATCCCAAAGCACAATGGTGAGTGAGGGGGAACTGCCTCCCTGCCTCTCACCCTAAGTCAGGCAGAAT
GGCAGGCCTGTGCTGCCTCTGCACAGGAAGGTCTTCCTCCTCTGTATATCGGCTTGAGGCCCGCTGTCCC

CTCTGCTCTTGG

Figure 26
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mRNA translation (mPL5)
>gi|26328419|dbj|BAC27948.1| unnamed protein product [Mus musculus]

SPGMLDALDAALAPLAELRLLGLVGNALSRLPLAALRLPRLEQLDARVNALAGLGPDELSALERDGDLPQ
PRLLLADNPLSCGCTSRPLLAWLHNATERVPDARRLRCASPRVLLDRPLIDLDEARLGCSDGDAHESGEG

IDVAGPELEASYVFFGLVLALIGLIFLMVLYLNRRGIQRWMHNLREACRDQMEGYHYRYEQDADPRRAPA
PAAPAGSRATSPGSGL

Figure 27
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Murine amino acid alignment of EST with 5T4 paralogue, transmembrane region highlighted (*)

m5Tépara : MAPRAGQRGLWSPLPGLLLLAAALSRPAAPCPFQCYCFGSPRLMLRCASGAELRQPPRODVPPDARNL : 67
EST T T T T T T e e T e e e e e e e e e e e e e e e e e m e ————m o —— o e— o B -
mSTépara : TIVGANLTVLRAAAFAGGGEGATCGVRLPLLTALRLTHNNIEVVEDGAFCGLPSLAALELSHNPLRA 134
EST I T T T T T T T e S e e e e e e e e e e e — e — = : -

LERE ] L W T. DARVNALAGLGPDELSALERDGDL PGPRLLLADNPLSCGCTSRPLLAWLHNATERVPCARRLRCA SRV Y]
EST Bl LDARVNALAGLGPDELSALERDGDLPGPRLLLADNPLSCGCTSRPLLAWLHNATERVPDARRLRCA SRS

Wk e e e e e ok e e ke W

lLERy LAt Bl PRVLLDRPLIDLDEARLGCSDGDAHESGEGIDVAGPELEASYVFFGIVLALIGLIFLMVLY LNRRG TjENNCELS
EST Bl PRVLLDRPLIDLDEARLGCSDGUARESGEGIDVAGEELEASYVFFGIVLALIGLIFLMVLYLNRRG TSN
PEVALS LW O RWMHNLREACRDGMEGYHYRYEGDADPRRAPAPLAPAGSRATSPGS CI NI
EST B CRWMHNLREACRDGMEGYHYRYEQDADPRRAPAPAAPAGSRATSPGSG 226

Figure 28
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Human 5T4 paralogue RT-PCR

1 2 3

I — genomic DNA (positive control)
2 —SHSY-5Y cDNA
3 — water (negative control)

B

>gi1169203011|ref|XM 001717487.1|

PREDICTED: Homo sapiens similar to hCG1820409 (L0OC441617), mRNA Length=1020
GENE ID: 441617 LOC441617 | similar to hCG1820409 [Homo sapiens]

Score = 372 bits (201), Expect = 4e-100

Identities = 206/208 (99%), Gaps = 1/208 (0%)

Strand=Plus/Plus

Query 78 GCGGCTTCGCTGCGCGGACAGCGGCGCCGACGCTCGCGGAGAGGAGGCGGAGGCCGCCGG 137

R RN R N R RN AR R R AN RN R R AR RN RN
Sbjct 714 GCGGCTTCGCTGCGCGGACAGCGGCGCCGACGCTCGCGGAGAGGAGGCGGAGGCCGCCGG 773

Query 138 CCCGGAGCTGGAAGCCTCCTACGTGTTCTTCGGGCTGGTGCTGGCACTCATCGGCCTCAT 197

RN RN RN R R R RN R AR RN R R R RN RN RN RN R RN
Sbjct 774 CCCGGAGCTGGAAGCCTCCTACGTGTTCTTCGGGCTGGTGCTGGCACTCATCGGCCTCAT 833

Query 198 CTTCCTCATGGTGCTCTACCTAAACCGCCGCGGCATCCAGCGCTGGATGCGCAACCTGCG 257

AR RN R N R R RN R R RN RN RN R AR A RN AR AR AR AR RN
Sbjct 834 CTTCCTCATGGTGCTCTACCTAAACCGCCGCGGCATCCAGCGCTGGATGCGCAACCTGCG 893

G'I'GCCGGGACCAGATA-AGGGC 284

Prreserrerreer e

Query 258 CG CG
Il
CGTGCCGGGACCAGATGGAGGGC 921

AGG
RNN;
Sbjct 894 CGAGG

C

1 2 3 4

1 - genomic DNA (positive control)
2 — water (negative control)

3~ SHSY-5Y cDNA -RT

4 -~ SHSY-5Y ¢cDNA +RT

Figure 29
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INHIBITION OF THE INTERACTION
BETWEEN 5T4 ONCOFOETAL
GLYCOPROTEINS AND CXC CHEMOKINE
RECEPTORS AS A METHOD OF
IDENTIFYING CHEMOTAXIS INHIBITORS

FIELD OF THE INVENTION

The present invention relates to methods, particularly
methods of screening test agents, methods of treatment and
methods of patient stratification, involving a glycoprotein
that is involved in cancer metastasis, and to products for use in
such methods.

BACKGROUND TO THE INVENTION

Treatment of cancer metastasis, the spread and growth of
tumour cells to distant sites, presents a significant challenge
despite the identification of a number of mediators that are
implicated in the process. Indeed, spread of cancer to distant
sites is almost universally associated with poor prognosis
and, in many cases, resistance to effective treatment. For
example, in childhood acute lymphoblastic leukaemia (ALL)
certain high-risk cytogenetic subtypes not only have higher
relapse rate but are also more likely to relapse in extramed-
ullary sites such as the CNS. Methods for identification of
tumour subtypes that are prone to spread and/or relapse are
currently sub-optimal. In the case of ALL, current methods
for establishing a prognosis involve, for example, cytogenetic
analysis (e.g. FISH) requiring specialist knowledge and
expertise, particularly for interpretation of results.

Epithelial-mesenchymal transition (EMT) occurs during
embryonic development and is believed to be important for
the metastatic spread of epithelial tumours [17]. It is charac-
terized by an E- to N-cadherin switch, increased vimentin
expression, upregulation of E-cadherin repressor molecules
and increased gelatinase activity and motility [18].

CD26 is a cell surface protease which cleaves the chemok-
ine CXCL12[19]. CXCL12 has been shown to regulate many
biological processes but also plays an important role in
tumourigenesis [20, 21]. CXCL12 binds to the widely
expressed cell surface chemokine receptor CXCR4 [22, 23]
and to the recently identified receptor CXCR7/RDC1 [24]
leading to a signalling cascade resulting in downstream phos-
phorylation of proteins such as ERK1/2 and AKT [25, 26].
Like CXCL12, CXCR4 expression has also been associated
with tumourigenesis in many cancers including breast, ova-
rian, renal, prostate, and neuroblastoma [20-22]. These
CXCR4-expressing tumours preferentially spread to tissues
that highly express CXCL12, including brain, lung, liver,
lymph nodes and bone marrow [20-22].

The chemokine receptor CXCR6, which binds the ligand
CXCL16 is upregulated in certain tumours, for example
human prostate cancer, and increases the metastatic progres-
sion of these cells by enhancing CXCIL.16 mediated chemot-
axis [51].

5T4 oncofetal glycoprotein was discovered while search-
ing for molecules with invasive properties likely to be shared
by trophoblast and cancer cells [1]. It is expressed by many
different carcinomas while showing only low levels in some
normal tissues [2]. 5T4 expression has been shown to influ-
ence adhesion, cytoskeletal organization and motility, prop-
erties [3-5] which might account for its association with
poorer clinical outcome in some cancers [6-9]. The =72 kDa
transmembrane molecule has an N-glycosylated extracellular
domain with two leucine rich repeat (LRR) regions with
associated N and C terminal flanking regions separated by a
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hydrophilic sequence as well as a short cytoplasmic region
[10, 11]. Leucine rich repeats are found in proteins with
diverse functions and are frequently associated with protein-
protein interaction [12]. It has recently been shown that
upregulation of 5T4 expression is a marker of loss of pluri-
potency in the early differentiation of human and murine
embryonic stem cells [13, 14] and forms an integrated com-
ponent of an EMT [15-16].

Despite advances in the treatment of many cancers, provi-
sion of therapeutic agents and treatment strategies for pre-
venting or limiting the spread of cancer cells is currently
hampered by an incomplete picture of the mechanistic details
of metastasis. Accordingly, there remains a need for methods
to identify and utilise agents that inhibit the spread of cancer
cells, and methods to identify tumours at high risk of metasta-
sis.

DISCLOSURE OF THE INVENTION

The present inventors have now found that 5T4 interacts
with CXCR4 in the cell membrane to form a complex, and
that the 5T4 transmembrane region is involved in the promo-
tion of CXCR4 membrane expression and chemotactic
response. CXCR4 mediates the CXCL12-directed migration
of'many cancer cells to metastatic sites through the promotion
of angiogenesis and migration of tumour cells, including but
not limited to those originating in breast, lung, ovarian, renal,
prostate, gastric, oral, cervix, non-small cell lung carcinoma,
(NSCLQ), colorectal, glioma and neuroblastoma tissue [20-
22]; these being tumour types which also express 5T4 glyco-
protein [2, 9, 45]. Therefore, interference with the co-expres-
sion and/or membrane localisation of 5T4 and CXCR4 in a
tumour cell and/or targeting a complex comprising 5T4 and
CXCR4 with, e.g. antibody-delivered drugs, represent sig-
nificant new approaches to targeting and treating metastasis.
Furthermore, co-expression and co-localisation of 5T4 and
CXCRS6, but not CXCR3 or CXCR7, described herein, indi-
cates that the 5T4 interaction with CXCR4 or CXCR6 may
represent a transmembrane interaction common to a subset of
the CXC chemokine receptor subfamily. Therefore, interfer-
ence with the co-expression of 5T4 and a CXC chemokine
receptor (such as CXCR4 or CXCR6) in a tumour cell and/or
targeting a putative complex comprising 5T4 and a CXC
chemokine receptor (such as CXCR4 or CXCR6) with, e.g.
antibody-delivered drugs, may likewise be useful for target-
ing and treating a chemotaxis-related condition, e.g. cancer
spread or inflammation. Moreover, the discovery of elevated
levels of 5T4 expression in a subset of high risk human pre-B
ALL indicates that 5T4 expression and/or cell surface locali-
sation of 5T4 may be used as a marker for certain cancer
subtypes that are prone to spread, relapse and/or which may
fail to respond to conventional leukaemia therapy.

Accordingly, in a first aspect the present invention provides
a method for identifying a chemotaxis inhibitor, comprising:

providing a 5T4 polypeptide, a CXC chemokine receptor

polypeptide and a test agent under conditions in which,
in the absence of the test agent, the 5T4 polypeptide and
the CXC chemokine receptor polypeptide are able to
interact; and

determining whether the test agent inhibits the interaction

between the 5T4 polypeptide and the CXC chemokine
receptor polypeptide,
wherein inhibition of said interaction indicates that the test
agent is a chemotaxis inhibitor. As used herein in connection
with this and other aspects of the invention, interaction
between the 5T4 polypeptide and the CXC chemokine recep-
tor polypeptide may be direct (e.g. wherein the two polypep-
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tides physically contact in a protein-protein interaction) or
indirect (e.g. wherein the 5T4 polypeptide and the CXC
chemokine receptor polypeptide each contribute to a complex
which may comprise other polypeptides, including one or
more intermediary polypeptides). Preferably, determining
whether the test agent inhibits the interaction between the
5T4 polypeptide and the CXC chemokine receptor polypep-
tide comprises detecting a complex comprising the 5T4
polypeptide and the CXC chemokine receptor polypeptide,
and wherein a decrease in the level of said complex and/or a
decrease in the formation of said complex in the presence of
the test agent, as compared with in the absence of the test
agent, indicates that the test agent is a chemotaxis inhibitor.
The test agent may interfere with the physical interaction of
the 5T4 polypeptide and the CXC chemokine receptor
polypeptide, e.g. by binding to a site on the 5T4 polypeptide
that is involved in the binding of the 5T4 polypeptide to the
CXC chemokine receptor polypeptide or by binding to a site
on the CXC chemokine receptor polypeptide that is involved
in the binding of'the CXC chemokine receptor polypeptide to
the 5T4 polypeptide. Alternatively, the test agent may bind to
a site on the 5T4 polypeptide or the CXC chemokine receptor
polypeptide that is remote from the sites involved in the
physical interaction between the two polypeptides. For
example, the test agent may act as an allosteric inhibitor
which alters or stabilises the conformation of the 5T4
polypeptide or the CXC chemokine receptor polypeptide
such that interaction between the two polypeptides is pre-
vented or reduced. The CXC chemokine receptor polypeptide
may be a CXC chemokine receptor subfamily member other
than CXCR3 and CXCR7. Preferably, the CXC chemokine
receptor polypeptide is a CXCR4 or CXCRG6 polypeptide as
defined further herein.

The present inventors have identified a complex of
approximately 130 kDa (as determined by PAGE) comprising
the 5T4 polypeptide and a CXC chemokine receptor polypep-
tide (in particular the CXCR4 protein). The complex has been
found to be stable in the cell membrane and was able to
remain intact following non-ionic detergent solubilisation
and unreduced PAGE. Accordingly, in some cases the test
agent may inhibit the interaction between the 5T4 polypep-
tide and the CXC chemokine receptor polypeptide by inhib-
iting formation of the complex, destabilising the complex or
enhancing the break-up of the complex.

The method of this and other aspects of the invention may
be carried out in the form of a cell-free screening assay, e.g.,
in which the 5T4 polypeptide, the CXC chemokine receptor
polypeptide and the test agent are provided in a membrane
preparation or in an aqueous preparation. Preferably, the
method is carried out in the form of a cell-based assay,
wherein the 5T4 polypeptide and the CXC chemokine recep-
tor polypeptide are expressed by a cell and the cell is con-
tacted with the test agent. The method of this and other
aspects of the invention may be carried out in vitro. However,
in some cases the method of the invention may comprise one
or more additional in vivo steps.

Proper functioning of CXCR4, in particular CXCR4 rec-
ognition of the ligand CXCL 12 and consequent chemotaxis
of'the cell, is believed to require the presence of CXCR4 at the
cell surface. The results described further herein indicate that
5T4 interacts with CXCR4 so as to promote the cell surface
expression of CXCR4.

Furthermore, studies in MEFs and mES cells suggest that
CXCR6 expression at the cell surface also depends on 5T4
expression at the cell surface and may be required for
response to the CXCR6 ligand, CXCL16. Accordingly, in
some cases of the method of this aspect of the invention

20

25

30

40

45

55

4

determining whether the test agent inhibits the interaction
between the 5T4 polypeptide and the CXC chemokine recep-
tor polypeptide comprises detecting cell surface expression
of the CXC chemokine receptor polypeptide and/or a com-
plex comprising the CXC chemokine receptor polypeptide
(e.g. a complex comprising the CXC chemokine receptor
polypeptide and the 5T4 polypeptide and optionally one or
more other components), wherein a decrease in the cell sur-
face expression of the CXC chemokine receptor polypeptide
and/or said complex in the presence of the test agent, as
compared with in the absence of the test agent, indicates that
the test agent is a chemotaxis inhibitor. Cell surface expres-
sion of the CXC chemokine receptor polypeptide and/or a
complex comprising the CXC chemokine receptor polypep-
tide may be conveniently detected using an antibody or frag-
ment thereof that is capable of binding to the CXC chemokine
receptor polypeptide and/or which is capable of binding (e.g.
selectively binding) said complex. Preferably, the antibody is
labelled or is contacted with a secondary antibody that is
labelled or comprises a moiety capable of generating a detect-
able signal. Localisation of the CXC chemokine receptor
polypeptide and/or said complex at the cell surface may be
determined using a cell imaging technique, e.g. fluorescence
labelling and fluorescence microscopy as is known in the art.
A preferred technique for detecting cell surface localisation
of'the CXC chemokine receptor polypeptide and/or said com-
plex is flow cytometry, particularly fluorescence-activated
cell sorting (“FACS”). Preferably, FACS is used to determine
presence of said complex at the cell surface, e.g. using a
fluorescent labelled antibody that selectively binds said com-
plex.

In some cases the method of this aspect of the invention
further comprises assessing CXC chemokine receptor-medi-
ated chemotaxis of the cell in the presence of the test agent, as
compared with in the absence of the test agent. As noted
above, 5T4 promotes cell surface expression of CXCR4,
which is believed to be necessary for CXCL12-CXCR4-me-
diated chemotaxis. Likewise, it is believed that 5T4 promotes
cell surface expression of CXCR6, which is believed to be
necessary for CXCL16-CXCR6-mediated chemotaxis.
Therefore, a further step of assessing CXC chemokine recep-
tor-mediated chemotaxis (e.g. chemotaxis towards an appro-
priate CXC ligand, such as CXCL12 for CXCR4 or CXCL16
for CXCRG6) provides a confirmation of the functional inhi-
bition of chemotaxis by the test agent. Chemotaxis may be
assessed using a cellular motility assay as is known in the art.
For example, a cell that expresses 5T4 and CXC chemokine
receptor may be contacted with the test agent before or after
exposure to a CXCR ligand (e.g. CXCL12 or CXCL16 for
CXCR4 or CXCRG6, respectively). The chemotaxis response
of'the cell may be quantified, e.g., by measuring migration of
the cell across a transwell. Preferably, the method comprises
assessing chemotaxis of a plurality of cells.

Activation of CXC chemokine receptors by their ligands
also results in functional consequences other than chemot-
axis, such as cell proliferation and cell survival. Upon ligand
binding the chemokine receptor CXCR4 is capable of elicit-
ing multiple cellular functions aside from chemotaxis. For
example, the overexpression of CXCR4 in pituitary
adenomas contributes to pituitary cell proliferation and pos-
sibly adenoma development [54]. Signals from the CXCR4
receptor have also been implicated in the regulation of the
Bcl-2/Bax ratio to promote dendritic cell survival in the thy-
mus [55].

Accordingly, in some cases the method of this aspect of the
invention further comprises assessing CXC chemokine
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receptor-mediated cell proliferation and/or cell survival in the
presence of the test agent, as compared with in the absence of
the test agent.

In accordance with the method of this and other aspects of
the invention the cell is preferably a cancer cell. Particularly
preferred cells are tumour cells (primary tumours or derived
cell lines) that are 5T4 +ve and CXC chemokine receptor +ve
(e.g. CXCR4 +ve and/or CXCR6 +ve). The cell may be
selected from a cancer cell of breast, ovarian, renal, prostate,

5

gastric, oral, cervix, NSCLC, colorectal, glioma, neuroblas- 10

toma or acute lymphoblastic leukaemia origin (particularly a
high risk cytogenetic subtype of pre-B ALL). Alternatively,
the cell may be an embryonic stem cell. Particularly preferred
cell types are: SHSY-5Y neuroblastoma, E14TG2a [29],
MCF-7, MDA-MB-231, JEG-3, SupB15, SD1, REH, Nalm-
6, Tom-1, SKOV3, CAOV3, OVCAR3 and PA1. The cell may
be obtained from or derived from a 5T4 null (e.g. knockout)
rodent, a 5T4 wild-type rodent or a rodent which is heterozy-
gous for 5T4 knockout (e.g. a 5T4 null mouse, WT mouse or
a mouse heterozygous for 5T4). Preferably, a cell obtained or
derived from a 5T4 knockout rodent is an embryonic stem cell
or an embryonic fibroblast.

Chemotaxis, particularly chemotaxis in response to
CXCL12 or CXCL16, is an important feature of metastasis.
Therefore, an inhibitor of the interaction between 5T4 and a
CXC chemokine receptor may exhibit anti-cancer therapeutic
activity, particularly inhibition or prevention of metastasis
(e.g. spread of 5T4 +ve and CXCR4 +ve cancer cells to
CXCL12-expressing sites or spread of 5T4 +ve and
CXCR6 +ve cancer cells to CXCL16-expressing sites).
Accordingly, the method of this aspect of the invention may
further comprise an in vivo step of assessing metastasis of a
cancer in a non-human animal model to which the test agent
has been administered, as compared with metastasis of a
cancer in a control non-human animal model to which the test
agent has not been administered. The non-human animal
model may be a mammalian laboratory animal species such
as a rodent (e.g. mouse, rat), rabbit, cat, dog or non-human
primate. In some cases the mouse may be a 5T4 null mouse
(e.g. 5T4 KO mouse), which may be useful, for example, as a
negative control. In some cases a 5T4-ve animal (e.g. a 5T4
null mouse) may be the recipient of a 5T4 positive and CXC
chemokine receptor positive tumour (e.g. a 5T4 +ve and
CXCR4 +ve tumour), e.g. an implanted tumour. In this way
the effect of drug treatment may be assessed in the absence of
any influence through normal tissue ST4/CXCR4 expression.

The cancer preferably comprises 5T4 +ve and CXC
chemokine receptor +ve cells (e.g. CXCR4 +ve and/or
CXCR6 +ve cells). Preferably the cancer is cancer of breast,
ovarian, renal, prostate, gastric, oral, cervix, NSCLC, col-
orectal, glioma neuroblastoma or acute lymphoblastic leu-
kaemia origin (particularly a high risk cytogenetic subtype of
pre-B ALL).

As described further herein, the present inventors have
found that the transmembrane domain of the 5T4 polypeptide
is largely or entirely responsible for the promotion of cell
surface expression of CXCR4 by 5T4. Accordingly, in some
cases of the method of this and other aspects of the invention
the 5T4 polypeptide comprises at least a transmembrane
domain and, optionally, an extracellular domain and/or a
cytoplasmic domain. However, in many cases a therapeutic
agent which is directed to a cell surface target is preferred
because this avoids certain difficulties associated with pen-
etrating the cell membrane, particularly when the agent com-
prises a bulky peptide or antibody. For this reason screening
assays that are designed to detect promising agents directed to
a cell surface targets are often preferred. Accordingly, in
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preferred cases of the method of this and other aspects of the
invention the 5T4 polypeptide comprises at least a transmem-
brane domain and an extracellular domain and optionally a
cytoplasmic domain.

In accordance with the method of this and other aspects of
the invention the 5T4 polypeptide may comprise at least the
transmembrane domain, and optionally the extracellular
domain and/or a cytoplasmic domain, of:

(1) the human 5T4 polypeptide having the amino acid
sequence disclosed at NCBI Accession No:
NP__ 006661, GI: 5729718;

(i) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (i) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (i) calculated over the full-
length of (i) or calculated over at least the transmem-
brane domain of (i);

(ii1) the human 5T4 paralogue polypeptide having the
amino acid sequence shown in FIG. 20A at;

(iv) the mouse 5T4 polypeptide having the amino acid
sequence disclosed at NCBI Accession No:
NP_ 035757, GI: 31543887,

(v) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of any of (iii) or (iv) having at least
70%, at least 80%, at least 90%, at least 95% or at least
99% amino acid sequence identity to any of (iii) or (iv)
calculated over the full-length of any of (iii) or (iv) or
calculated over at least the transmembrane domain of
(iii) or (iv);

(vi) the mouse 5T4 paralogue polypeptide having the pre-
dicted amino acid sequence disclosed at NCBI Acces-
sion No: XP_ 486328, GI: 51829389;

(vii) a rat paralogue having the amino acid sequence dis-
closed at NCBI Accession No: XP00101215, GI:
109459106; or

(viii) a fragment of any one of (i)-(vii) having at least 20, at
least 30, at least 50, at least 100 or at least 200 amino
acids. Preferably, said fragment (viii) comprises a trans-
membrane domain. Preferably, the 5T4 polypeptide
comprises a transmembrane domain having the amino
acid sequence of the human 5T4 transmembrane domain
shown in FIG. 17a. In accordance with the method of
this and other aspects of the invention, a further pre-
ferred 5T4 polypeptide comprises:

the rat 5T4 polypeptide having the amino acid sequence
disclosed at NCBI Accession No: AAH87011, GI:
56268820;

a variant (such as a splice variant), paralogue, orthologue
or derivative of said rat 5T4 polypeptide, having at least
70%, at least 80%, at least 90%, at least 95% or at least
99% amino acid sequence identity to said rat 5T4
polypeptide calculated over the full-length of said rat
5T4 polypeptide or calculated over at least the trans-
membrane domain of said rat 5T4 polypeptide; or

a fragment of any one of said rat 5T4 polypeptide or said
variant, paralogue, orthologue or derivative, having at
least 20, at least 30, at least 50, at least 100 or at least 200
amino acids.

The CXC chemokine receptor subfamily is currently con-
sidered to comprise CXCR1, CXCR2, CXCR3, CXCR4,
CXCRS5, CXCR6 and CXCR7. In accordance with the
method of this and other aspects of the invention the CXC
chemokine receptor polypeptide may be a CXC chemokine
receptor subfamily member other than CXCR3 and CXCR?7.
Preferably, the CXC chemokine receptor polypeptide is
CXCR4 polypeptide or a CXCR6 polypeptide.
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The CXCR4 polypeptide may have the amino acid
sequence of:

(1) the human CXCR4 polypeptide having the amino acid

sequence disclosed at NCBI Accession No: CAA12166,
GI: 3059120,

(ii) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (i) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (i) calculated over the full-
length of (i);

(iii) the mouse CXCR4 polypeptide having the amino acid
sequence disclosed at NCBI Accession No: AAH98322,
GI: 68226707,

(iv) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (iii) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (iii) calculated over the full-
length of (iii);

(v) the rat CXCR4 polypeptide having the amino acid
sequence disclosed at NCBI Accession No: AALL47855,
GI: 17902281,

(vi) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (v) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (v) calculated over the full-
length of (v);

(vii) a fragment of any one of (i)-(vi) having at least 100, at
least 200, at least 250, or at least 300 amino acids.
Preferably, said fragment (vii) comprises a CXCL12-
binding domain.

The CXCR6 polypeptide may have the amino acid

sequence of:

(1) the human CXCR6 polypeptide having the amino acid
sequence disclosed at NCBI Accession No: 000574, GI:
3121816;

(ii) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (i) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (i) calculated over the full-
length of (i);

(iii) the mouse CXCR6 polypeptide having the amino acid
sequence disclosed at NCBI Accession No:
NP__109637, GI: 157266315;

(iv) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (iii) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (iii) calculated over the full-
length of (iii);

(v) the rat CXCR6 polypeptide having the amino acid
sequence disclosed at NCBI Accession No:
NP__001096057, GI: 156564361,

(vi) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (v) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (v) calculated over the full-
length of (v);

(vii) a fragment of any one of (i)-(vi) having at least 100, at
least 200, at least 250, or at least 300 amino acids.
Preferably, said fragment (vii) comprises a CXCL16
binding domain.

A variety of suitable test agents may be employed in the
method of this aspect of the invention. The test agent may be,
e.g., a small molecule, an antibody molecule, a peptide or a
nucleic acid. In some cases the method of this aspect of the
invention comprises screening a library of test agents, e.g. an
antibody library such as an scFv library. Preferably, the test
agent comprises an agent selected from:
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an antibody or fragment thereof capable of binding the 5T4

polypeptide;
an antibody or fragment thereof capable of binding the
CXC chemokine receptor polypeptide;

an antibody or fragment thereof capable of binding to both
the 5T4 polypeptide and the CXC chemokine receptor
polypeptide; and

an antibody or fragment thereof which selectively binds a

complex which comprises the 5T4 polypeptide and the
CXC chemokine receptor polypeptide (e.g. a 5T4-
CXCR4 complex or a 5T4-CXCR6 complex). In accor-
dance with the method of the first aspect of the invention
5T4 polypeptide preferably comprises an extracellular
domain and the test agent preferably comprises an anti-
body or fragment thereof that binds the extracellular
domain ofthe 5T4 polypeptide. More preferably, the test
agent comprises an antibody or fragment thereof which
selectively binds a complex which comprises the 5T4
polypeptide and the CXC chemokine receptor polypep-
tide (e.g. a 5T4-CXCR4 complex or a 5T4-CXCR6
complex). The test agent may be a small molecule
capable of inhibiting a protein-protein interaction, par-
ticularly a small molecule capable of interfering with
protein-protein interactions that occur within a mem-
brane. A suitable library of compounds, known as a
“credit card” library, has been disclosed [52; the entire
contents of which are expressly incorporated herein by
reference in their entirety].

In accordance with the method of the first aspect of the
invention the test agent may be found not to inhibit the inter-
action between the 5T4 polypeptide and the CXC chemokine
receptor polypeptide. Preferably, however, the test agent is
found to inhibit the interaction between 5T4 polypeptide and
the CXC chemokine receptor polypeptide. A test agent which
is found to exhibit said inhibitory activity may be further
characterised and/or subjected to additional testing such as
testing in a chemotaxis assay and/or an in vivo assay for the
ability to inhibit metastasis, as described herein. In this way,
the 5T4-CXC chemokine receptor polypeptide interaction
assay may be utilised as an initial screen, for example, to
identify promising candidates to be put forward for the more
difficult and potentially more costly stages of testing such as
testing in vivo for metastasis inhibitory activity.

In some cases the method of this aspect of the invention
further comprises isolating the test agent and, optionally,
formulating the test agent into a pharmaceutical composition
with at least one pharmaceutically acceptable salt, carrier or
excipient. The test agent or pharmaceutical composition com-
prising the test agent may be used in a method of treatment of
cancer, in particular in the treatment of prevention of metasta-
sis. Preferred methods of treatment are as defined in connec-
tion with the sixth aspect of the invention.

In a second aspect, the present invention provides an anti-
body or fragment thereof that binds to:

a 5T4 polypeptide;

a CXC chemokine receptor polypeptide; and/or

a complex comprising the 5T4 polypeptide and the CXC

chemokine receptor polypeptide,
wherein said antibody or fragment thereof inhibits interaction
between the 5T4 polypeptide and the CXC chemokine recep-
tor polypeptide or inhibits the activity of said complex (in
particular signal transduction activity in response to a
chemokine ligand). A preferred antibody or fragment thereof
in accordance with the invention selectively binds a complex
which comprises a 5T4 polypeptide, as defined herein, and a
CXC chemokine receptor polypeptide, as defined herein,
(e.g. a 5T4-CXCR4 complex or a 5T4-CXCR6 complex).
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Preferably, the antibody or fragment thereof binds said com-
plex in preference to a 5T4 polypeptide or a CXC chemokine
receptor polypeptide which is not in the form of the complex
(i.e. the antibody or fragment thereof may exhibit limited or
no binding to an individual polypeptide member of said com-
plex). Preferably, the antibody or fragment thereof exhibits at
least 10-fold, at least 100-fold or at least 1000-fold greater
binding affinity for said complex than for a 5T4 polypeptide
that is not complexed with a CXC chemokine receptor
polypeptide.

The antibody or fragment thereof, in accordance with this
aspect of the invention, may be identified or identifiable in a
method according to the first aspect of the invention. The
skilled person is able to provide antibodies and antibody
fragments comprising antibody binding domains that are
capable of binding to a 5T4 polypeptide as defined in relation
to the first aspect of the invention, are capable of binding to a
CXC chemokine receptor polypeptide as defined in relation
to the first aspect of the invention or are able to bind to a
complex comprising a 5T4 polypeptide and a CXC chemok-
ine receptor polypeptide (e.g. a 5T4-CXCR4 complex or a
5T4-CXCR6 complex). Such antibodies or fragments may be
readily screened for the ability to inhibit the interaction of the
5T4 polypeptide and the CXC chemokine receptor polypep-
tide using a method in accordance with the first aspect of the
invention. A suitable antibody may in some cases be isolated
from a library of antibody molecules (e.g. a phage display
library) using, e.g., a complex comprising a 5T4 polypeptide
and a CXC chemokine receptor polypeptide as an antigen.

Alternatively or additionally, a suitable antibody may be
raised by administering, particularly injecting, a complex
comprising a 5T4 polypeptide and a CXC chemokine recep-
tor polypeptide into an animal (such as a rodent, rabbit or
other laboratory mammal). Preferably, an antibody may be
raised by injecting said complex into a 5T4 null mouse. In
some cases, the antibody or fragment in accordance with the
second aspect of the invention inhibits formation of a com-
plex comprising the 5T4 polypeptide and the CXCR4
polypeptide or inactivates said complex (e.g. by binding to
said complex and preventing or inhibiting signal transduction
mediated by the complex in response to a chemokine). The
antibody or fragment of this aspect of the invention preferably
binds to an epitope present on the extracellular domain of a
5T4 polypeptide or an extracellular portion of a complex
comprising the 5T4 polypeptide and a CXC chemokine
receptor polypeptide.

In a third aspect the present invention provides an antibody
or fragment thereof as defined in connection with the second
aspect of the invention for use in a method of medical treat-
ment.

In a fourth aspect the present invention provides an anti-
body or fragment thereof as defined in connection with the
second aspect of the invention for use in the prevention or
treatment of metastasis or an inflammatory condition.

Preferably, said metastasis is of a cancer which comprises
at least one 5T4 polypeptide-positive and CXC chemokine
receptor polypeptide-positive (e.g. CXCR4-positive or
CXCR6-positive) cell. The metastasis may be of a cancer of
breast, ovarian, renal, prostate, gastric, oral, cervix, NSCLC,
colorectal, glioma, neuroblastoma or acute lymphoblastic
leukaemia (ALL) origin. The antibody or fragment thereof as
defined in connection with the second aspect of the invention
may be for use in a method of treatment of Pre-B ALL, in
particular a high risk cytogenetic subtype of pre-B ALL (e.g.
Ph+, iAMP21, MLL and/or hypodiploidy pre-B ALL). The
pre-B ALL may be pre-B ALL exhibiting elevated expression
5T4 (such as elevated expression of a 5T4 gene), e.g. elevated
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expression in comparison with the 5T4 gene expression level
of'a bone marrow sample obtained from a subject having low
risk ALL which exhibits hyperdiploidy and/or the TEL-
AML1 fusion. The pre-B ALL may comprise extramedullary
ALL. The ALL may comprise cells the exhibit cell surface
expression of CXCR4, in particular cell surface expression of
a complex comprising a 5T4 polypeptide and a CXCR4
polypeptide. A convenient method to determine whether a
cell (e.g. a cancer cell or leukaemic lymphocyte) exhibits cell
surface expression of a CXC chemokine receptor polypeptide
or a complex comprising a 5T4 polypeptide and a CXC
chemokine receptor polypeptide may comprise a step of con-
tacting the cell with an antibody that selectively binds said
polypeptide or that selectively binds said complex. The anti-
body is preferably labelled or conjugated to a detectable
signal to permit detection. A preferred method of identifying
a cell that exhibits cell surface expression of said polypeptide
or said complex involves use of FACS.

In accordance with this and other aspects of the invention,
the antibody or fragment thereof may be for use in a method
of treating a subject that has been determined to have pre-B
ALL with elevated 5T4-expression, wherein the determina-
tion has been made in accordance with the method of the ninth
aspect of the invention.

CXC chemokine receptors have been shown to be impli-
cated in the progression of inflammatory diseases. For
example, the chemokine receptors CXCR4 and CXCR6 are
involved in the progression of inflammatory diseases includ-
ing, but not limited to, rheumatoid arthritis [ 56], asthma [57],
atherosclerosis [58], inflammatory bowel disease [59] and
inflamed liver [60]. CXCR4 expression has been determined
on multiple myeloid progenitor cells such as multipotent
adult progenitor cell-derived progenitor cells (MDPC) [61]
and mast cell progenitor cells [62], where the chemokine
receptor is involved in recruitment of these cells to sites of
inflammation. Disruption of CXCR4 function with low
molecular weight chemical compounds has been proven to
attenuate hyper-immune responses such as hypersensitivity-
type pulmonary granuloma formation [63], allergic lung
inflammation and airway hyperreactivity [57]. The involve-
ment of CXC chemokine receptors CXCR4 and CXCR6 in
inflammatory conditions in the following non-exhaustive
lists:

CXCR4

Inflammatory bowel disease;

VEGFR1/CXCR4-positive progenitor cells modulate local
inflammation and augment tissue perfusion by a SDF-1-de-
pendent mechanism;

AMD3100, a CXCR4 antagonist, attenuates allergic lung
inflammation and airway hyperreactivity;

Expressed on mast cell progenitors;

AMD3465 eliminates pulmonary granuloma formation.
CXCR6
Inflamed Liver

CXCR6 helps mediate the recruitment of activated CD8
lymphocytes in Graft versus host disease-induced hepatitis
and may be a useful target to treat pathological inflammation
in the liver.

Atherosclerosis

CXCRS6 is proatherosclerotic through its involvement in
the recruitment of CXCR6+ leukocytes into the atheroscle-
rosis-prone aortic wall. In the absence of CXCR6, experimen-
tal models of atherosclerosis exhibit an approximately 50%
reduction in lesion formation.

Rheumatoid Arthritis

CXCR6 has been shown to be expressed more frequently

on synovial T cells than in peripheral blood. Furthermore, its
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specific ligand is also expressed in rheumatoid arthritis syn-
ovial and it is this interaction of CXCR6 and CXCL16 that
results in T cell accumulation and stimulation in rheumatoid
arthritis synovium.

Therefore, in accordance with the fourth aspect of the
invention an antibody or fragment thereof as defined in con-
nection with the second aspect of the invention may be for use
in the prevention or treatment of an inflammatory condition
selected from: rheumatoid arthritis, asthma, atherosclerosis,
inflammatory bowel disease and inflamed liver.

The subject is preferably human. However, the subject may
be a mammalian subject such as a dog, cat, rodent, non-
human primate or a domesticated farm animal (e.g. cow, pig,
sheep, goat). The subject may be a human child, e.g. a child
having pre-B ALL. The subject may have previously been
diagnosed as having a cancer or as being at risk of developing
a cancet.

In a fifth aspect the present invention provides use of an
antibody or fragment thereof as defined in connection with
the second aspect of the invention in the preparation of a
medicament for the prevention or treatment of metastasis or
an inflammatory condition.

Preferably, said metastasis is of a cancer which comprises
at least one 5T4 polypeptide-positive and CXC chemokine
receptor polypeptide-positive (e.g. CXCR4-positive or
CXCR6-positive) cell. The metastasis may be of a cancer of
breast, ovarian, renal, prostate, gastric, oral, cervix, NSCLC,
colorectal, glioma, neuroblastoma or acute lymphoblastic
leukaemia (ALL) origin. The use in accordance with this
aspect of the invention may be in the preparation of a medi-
cament for the prevention or treatment of Pre-B ALL, in
particular a high risk cytogenetic subtype of pre-B ALL (e.g.
Ph+, iAMP21, MLL and/or hypodiploidy pre-B ALL). The
pre-B ALL may be pre-B ALL exhibiting elevated expression
of a 5T4, in particular elevated 5T4 gene expression, e.g.
elevated expression in comparison with the 5T4 gene expres-
sion level of a bone marrow sample obtained from a subject
having low risk ALL which exhibits hyperdiploidy and/or the
TEL-AML1 fusion. The pre-B ALL may comprise extramed-
ullary ALL. The use in accordance with this aspect of the
invention may be in the preparation of a medicament for
treatment of a subject as defined in connection with the fourth
aspect of the invention.

Preferably, said inflammatory condition is selected from:
rheumatoid arthritis, asthma, atherosclerosis, inflammatory
bowel disease and inflamed liver.

In a sixth aspect the present invention provides a method of
treating or preventing metastasis or an inflammatory condi-
tion in a subject in need of said treatment, comprising admin-
istering a therapeutically effective amount of an antibody or
fragment thereof as defined in connection with the second
aspect of the invention to the subject.

Preferably, said metastasis is of a cancer which comprises
at least one 5T4-positive and CXC chemokine receptor
polypeptide-positive (e.g. CXCR4-positive or CXCR6-posi-
tive) cell. The cancer may be as defined in connection with the
fourth aspect of the invention. Preferably, said inflammatory
condition is selected from: rheumatoid arthritis, asthma, ath-
erosclerosis, inflammatory bowel disease and inflamed liver.
The subject may be as defined in connection with the fourth
aspect of the invention.

Current methods for identification of ALL patients who
will develop extramedullary disease are far from optimal;
these patients generally have a poor outcome. Although it is
generally thought that 5T4 is not expressed by haematopoi-
etic cells or haematological derived tumours, the present
inventors have surprisingly found that a subset of high risk
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ALL exhibits elevated 5T4 gene expression. Given the func-
tional synergy between 5T4 and CXCR4 reported herein, the
present findings suggest a role for 5T4 in chemotaxis of
leukaemic cells. Thus, 5T4/CXCR4-positive ALL cells hav-
ing elevated 5T4 expression are believed to have an enhanced
ability to home to extramedullary compartments producing
CXCL12.

Accordingly, in a seventh aspect the present invention pro-
vides a method for assessing the prognosis of'a subject having
acute lymphoblastic leukaemia (ALL), particularly pre-B
ALL, comprising measuring, directly or indirectly, 5T4
expression (e.g. 5T4 gene expression) in a sample which has
been obtained from the subject, wherein elevated 5T4 expres-
sion in said sample in comparison with a reference level of
5T4 expression indicates that said subject has a poor progno-
sis. Said reference level of 5T4 expression (e.g. 5T4 gene
expression) may be a pre-determined level that corresponds
to the level of 5T4 expression in a bone marrow sample
obtained from a subject having low risk ALL which exhibits
hyperdiploidy and/or the TEL-AML1 fusion. The pre-deter-
mined reference level may be an average level derived from a
population of subjects having low risk ALL. In some cases the
method of this aspect of the invention may comprise a step of
determining a reference level of 5T4 gene expression. Pref-
erably, the reference level and the test sample level are mea-
sured in the same way, e.g. by processing the samples in
parallel. An elevated level of 5T4 expression may be 10%,
20%, 50%, 100%, 200%, 300% or greater than said reference
level.

The method of this aspect of the invention is useful for
providing clinically relevant prognostic information about a
subject having ALL. Said poor prognosis may comprise: an
elevated risk ofhaving or developing extramedullary ALL; an
elevated risk of relapse; an elevated risk of therapeutic failure;
and/or a lower likelihood of survival.

In accordance with the method of this aspect of the inven-
tion the subject may be as defined in connection with the
fourth aspect of the invention. The sample preferably com-
prises lymphocytes. A preferred sample comprises bone mar-
row.

In accordance with this and other aspects of the invention
5T4 expression may be measured using any suitable tech-
nique and may comprise measurement of a nucleic acid
encoding a 5T4 polypeptide, as defined herein, present in or
extracted from said sample and/or measurement of the
amount of a 5T4 polypeptide, as defined herein, present in or
extracted from said sample. Preferably, measurement of 5T4
expression comprises: (a) detecting or determining mRNA
levels expressed from the 5T4 gene; (b) determining the pres-
ence or amount of a 5T4 polypeptide; and/or (c) determining
the presence or amount of a complex comprising a 5T4
polypeptide and a CXC chemokine receptor polypeptide (e.g.
a CXCR4 polypeptide or a CXCRG6 polypeptide). The method
may further comprise a step of obtaining the sample from the
subject (e.g. obtaining a bone marrow aspirate sample and/or
a blood sample). The sample may be stored (e.g. frozen)
and/or processed (e.g. to extract DNA, RNA or protein for
analysis) prior to carrying out any measurement of 5T4
expression. The method of this aspect of the invention may
further comprise measuring, directly or indirectly, expression
of'a CXC chemokine receptor polypeptide or gene encoding
said polypeptide (e.g. a CXCR4 polypeptide, CXCR4 gene,
CXCRS6 polypeptide or CXCR6 gene) in the sample.

In an eighth aspect the present invention provides a kit for
assessing the prognosis of a subject having acute lymphoblas-
tic leukaemia (ALL), particularly pre-B ALL, comprising
reagents for carrying out the determination 5T4 expression on
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a sample and instructions for carrying out the determination
and, optionally, for interpreting the results. Preferred types of
kit may comprise one or more reagents selected from the
following:

(a) an antibody capable of recognising a 5T4 polypeptide
or fragment thereof, or capable of recognising a complex
comprising the 5T4 polypeptide and a CXC chemokine
receptor polypeptide (e.g. a 5ST4-CXCR4 complex or a
5T4-CXCR6 complex), for example for use in a binding
assay such as an ELISA, in an immunohistochemical
test or in a flow cytometry-based method. The antibody
may be detected either by being directly labelled or
through interaction with one or more other species, for
example a labelled secondary antibody;

(b) one or more primers directed to the nucleic acid
sequence of the 5T4 gene, for example for measuring
5T4 mRNA; and/or

(c) an oligonucleotide probe directed to the nucleic acid
sequence of the 5T4 gene, for example for detecting 5T4
gene expression. As for antibody reagents, the probes
may conveniently be directly or indirectly labelled to
enable them to be detected. The probe may be immobi-
lised on a substrate, e.g. in the form of a microarray. The
one or more primers may be selected from the Tagman
Gene Expression library h5T4 primer set having the
Applied Biosystems assay identifier Hs00272649_s1.
The kit may further comprise a control, e.g. a sample to
be used as a reference level. Preferred primers include
primers designed around the portion of a 5T4 gene that
encodes the transmembrane domain of the 5T4 polypep-
tide (e.g. primers based on the sequence encoding the
transmembrane domain of the human or mouse 5T4
polypeptide or the human or mouse 5T4 paralogue
polypeptide as shown in FIGS. 21 and 25, respectively).

Preferably, one or more primers or primer pairs are selected

from the following primers which amplify a region spanning
the extracellular domain and the whole TM domain of the 5T4
paralogue and 5T4, respectively:

(SEQ ID NO: 9)

5T4para-F GCG GCT TCG CTG CGC GGA C

(SEQ ID NO: 10)
5T4para-R ATC TGG TCC CGG CAC GCC TCG

(SEQ ID NO: 11)
5T4-F AAT GGC ACC CTG GCT GAG TTG

(SEQ ID NO: 12)
5T4-R TCT GGG GTC CGC ATT GAT TTC

In a ninth aspect the present invention provides a method
for determining whether a subject having acute lymphocytic
leukaemia (ALL), particularly pre-B ALL, is suitable for 5T4
polypeptide-targeted and/or CXC chemokine receptor
polypeptide-targeted treatment comprising measuring,
directly or indirectly, 5T4 expression, particularly cell sur-
face expression (e.g. cell surface/cell membrane localisation
of'a 5T4 polypeptide), in a sample which has been obtained
from the subject, wherein elevated 5T4 expression in said
sample in comparison with a reference level of 5T4 expres-
sion indicates that said subject is suitable for said treatment.
Said reference level of 5T4 expression (particularly cell sur-
face expression) may be a pre-determined level that corre-
sponds to the level of 5T4 expression in a bone marrow
sample obtained from a subject having low risk ALL which
exhibits hyperdiploidy and/or the TEL-AMIL.1 fusion. The
pre-determined reference level may be an average level
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derived from a population of subjects having low risk ALL. In
some cases the method of this aspect of the invention may
comprise a step of determining a reference level of 5T4
expression, particularly cell surface expression. Preferably,
the reference level and the test sample level are measured in
the same way, e.g. by analysing the samples in parallel. An
elevated level of 5T4 expression (particularly cell surface
expression) may be 10%, 20%, 50%, 100%, 200%, 300% or
greater than said reference level. In accordance with the
method of this aspect of the invention the subject may be
determined to have a subtype of ALL that has greater sensi-
tivity to 5T4-targeted and/or CXCR4-targeted therapy such
that the subject is more likely to respond to such therapy. The
method of this aspect of the invention may be carried out on
aplurality of subjects having ALL, e.g. for stratifying a popu-
lation of patients to identify those most suitable for 5T4
polypeptide-targeted and/or CXC chemokine receptor
polypeptide-targeted therapy.

Preferably, when the subject is determined to be suitable
for 5T4 polypeptide-targeted and/or CXC chemokine recep-
tor polypeptide-targeted therapy, the method of this aspect of
the invention further comprises administering or advising the
administration of a therapeutically effective amount of an
antibody or fragment thereof as defined in connection with
the second aspect of the invention to the subject. Additionally
or alternatively, when the subject is determined to be suitable
for 5T4 polypeptide-targeted and/or CXC chemokine recep-
tor polypeptide-targeted therapy, the method of this aspect of
the invention further comprises administering or advising the
administration of a therapeutically effective amount of 5T4-
based super-antigen therapy (e.g. ABR-214936 see [50] or
ANYARA see [53]).

The present invention includes the combination of the
aspects and preferred features described except where such a
combination is clearly impermissible or is stated to be
expressly avoided. These and further aspects and embodi-
ments of the invention are described in further detail below
and with reference to the accompanying examples and fig-
ures. Any references to colours in the figures is for guidance
only; the accompanying figures do not contain colour infor-
mation.

DESCRIPTION OF THE FIGURES

FIGS. 1A-1I: Differentiating mES cells show
S5T4dependent CXCL12 chemotaxis. Panel A, Quantitative
RT-PCR of WT ES cells confirm microarray results (not
shown) with changes in 5T4, CD26 and CXCL12 mRNA but
not CXCR4 after 3 days differentiation, (triplicates of the WT
ES differentiation; 5T4, CD26, CXCR4, CXCL12 changes
respectively P=0.014, 0.057, 0.81, 0.012 by Student’s t-test)
Panel B, These transcriptional changes are reflected in altered
surface expression determined by FACS of 5T4 (triangles)
and CD26(circles) during the differentiation period; the pluri-
potent marker SSEA-1 does not change (diamonds) (n>3 a
single representative time course shown). Panel C, Western
blot analysis of PAGE separated reduced WT or 5T4KO ES
cells either undifferentiated (U) or differentiating (D) probed
with CXCR4 antibody identifies a band at 46 KDa with no
difference in the total amount of CXCR4 between cell types
or differentiation status. Panel D, Increased CXCL12levels
were detected in the culture medium by ELISA, after 3 days
of differentiation (black columns) compared to undifferenti-
ated cells (white columns), (WT=71+4 vs 17119 pg/ml,
5T4KO=40+2 vs 84+5 pg/ml). Panel E, Undifferentiated WT
and 5T4KO ES cells (white columns) exhibit no CXCL12
chemotaxis but differentiating (black columns) WT but not
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ST4KO ES cells, acquire significant chemotaxis. Panel F,
CXCL12 dependent chemotaxis was determined over 6 days.
Differentiating WT-ES cells (black columns) exhibited a peak
in CXCL12 chemotaxis at 3 days following LIF withdrawal
whilst 5T4KO ES cells (white columns) exhibit no CXCL12
chemotaxis in this time frame. Panel G, The chemotactic
migration exhibited by differentiating WT-ES cells (black
columns) towards CXCL.12 was abolished in the presence of
an antibody against CXCL12 (10 ng) but notin presence of an
irrelevant control antibody (10 pg). Undifferentiated, (white
columns) exhibited no change in chemotactic migration
under any conditions. Panel H, Chemotaxis of differentiating
WT-ES cells, (black columns) was shown to be mediated
through CXCR4 by inhibition of the receptor by a 2 hr pre-
incubation with 10 pM AMD3100 whilst there was no effect
of 10 uM AMD3100 on undifferentiated WT-ES cells (white
columns). Panel I, Undifferentiated (white columns) or dif-
ferentiating (black columns) ST4KO ES cells show no change
in chemotactic response in the presence of the CD26 inhibitor
diprotin A (10 puM). (—=no CXCLI12, +=10 ng/well
CXCL12). All chemotactic experiments were performed at
least three times with triplicates for each condition.

FIGS. 2A-2C: 5T4 restores CXCL12 dependent chemot-
axis in differentiating ST4KO-ES cells. Panel A, Undifferen-
tiated ST4KO ES cells forced to express 5T4 following infec-
tion with RAd-m5T4, (multiplicity of infection=30, dark grey
columns) show no CXCL12 dependent chemotaxis compa-
rable to undifferentiated WT-ES cells (black columns), mock
(white columns), or RAd-eGFP (light grey columns) infec-
tion. Panel B, Differentiating 5T4KO ES cells with 5T4
expression restored by RAd-m5T4, (multiplicity of infec-
tion=30, dark grey columns) show CXCL12 chemotaxis
comparable to differentiating WT-ES cells (black columns)
but not following mock (white columns), or RAd-eGFP (light
grey columns) infection. Panel C, Differentiating ST4KO ES
cells chemotactic response to CXCL12 is also restored fol-
lowing infection with a recombinant adenovirus
encoding human 5T4 (multiplicity of infection=30, black
columns), (-=no CXCLI12, +=10 ng/well CXCL12). All
chemotactic experiments were performed at least three times
with triplicates for each condition.

FIGS. 3A-3C: Cellular location of CXCR4, 5T4 in undif-
ferentiated and differentiating WT and 5T4KO-ES cells.
Panel A, shows lipid rafts in the membrane of all cells (green:
1, v, ix, xiii); CXCR4 (red) is intracellular in undifferentiated
WT-ES and all 5T4KO ES cells (ii, vi) and cell surface 5T4
(blue) is only expressed on differentiation of WT-ES cells
(xi). The composite images show co-localization of 5T4 and
CXCR4 (purple) including in lipid rafts (white) in differen-
tiating WT-ES cells (xii) but no other cells (iv, viii, xvi). Panel
B, RAd-m5T4 infection of 5T4KO ES cells leads to cell
surface expression of both 5T4 (red) and CXCR4 (green) only
in differentiating cells but not in undifferentiated cells which
are seen to co-localize in the composite (yellow). Colocali-
sation was assessed by analysis of the deconvolved images
utilising ImarisColoc software (Bitplane) in manual mode. A
2D scatter plot showing intensity pairs in the image was
thresholded to include only colocalized points in the three
dimensional volume. This data was then extracted to a sepa-
rate channel containing three dimensional colocalized points
only. RAd-GFP showed no effect on CXCR4 expression (not
shown). Panel C, Upper panels, Double labeling of WT or
5T4KO ES cells with either NBD C,-Ceramide (Golgi) or
Endotracker (ER) (both red) shows that in the absence of 5T4,
CXCR4 (green) accumulates predominately in the Golgi and
to a lesser extent the smooth ER (yellow) whereas cell surface
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labeling is apparent only in the differentiating WT-ES cells.
Lower panels, colocalisation channel of CXCR4 and the
organelles.

FIGS. 4A-4D: Role of 5T4 expression in the CXC12/
CXCR4 axis in MEFs. Panel A, MEFs derived from wild-
type, (WT, black columns), 5T4 heterozygote, (HET, grey
columns) and 5T4 null, (KO, white columns) mice show 5T4
gene dose related CXCL12chemotaxis. Panel B, Chemotaxis
of 5T4KO MEFs following mock infection, (black columns),
or infection with RAd-eGFP, (grey columns), or RAd-m5T4,
(white columns), CXCL12 chemotaxis is only restored by
RAd-m5T4. (+ or =30 ng/m1 CXCL12). All chemotactic
experiments were performed at least three times with tripli-
cates for each condition. Panel C, Pattern of expression of
CXCRA4, (green) and 5T4, (red) in WT and 5T4KO MEFs. In
WT cells, CXCR4 and 5T4 are seen at the cell surface and
clearly co-localize (yellow, composite) while in ST4KO cells
CXCR4 is located intracellularly around the nucleus; com-
pare to DAPI labeling (blue). Colocalisation was assessed by
analysis of the deconvolved images utilising ImarisColoc
software (Bitplane) in manual mode. A 2D scatter plot show-
ing intensity pairs in the image was thresholded to include
only colocalized points in the three dimensional volume. This
data was then extracted to a separate channel containing three
dimensional colocalized points only. Panel D, ST4KO MEFs
infected with RAd-m5T4exhibit cell surface expression of
both 5T4 (green) and CXCR4 (red) also displayed by colo-
calization. This is consistent with the requirement for 5T4 to
enable functional expression of CXCR4. RAd-GFP had no
effect on CXCR4 expression (not shown).

FIGS. 5A and 5B: Disruption of cytoskeletonand CXCL.12
dependent signaling in ST4KO MEFS. Panel A, Disruption of
F-actin filaments in differentiating ST4KO MEFs in compari-
son to WT cells or in 5T4KO MEFs infected with RAd-m5T4
where F-actin cytoskeletal organization is restored. Panel B,
WT MEFs exhibited an increase in ERK phosphorylation in
response to CXCL12 stimulation that was prevented by the
MEKI1 inhibitor PD98059 and the CXCR4 inhibitor
AMD3100 but not by the PI3K inhibitor [.Y294002. In con-
trast, ST4KO MEFs did not respond to CXCL 12 stimulation.
However this was not due to an overall disruption of MAPK/
ERK signaling in the 5T4 null cells as both genotypes exhib-
ited an increase in ERK1/2 phosphorylation in response to
PMA stimulation that was blocked by MEK1 inhibition but
was independent of both CXCR4 and PI3K activity. Total
ERK was used as a loading control (M=50 uM MEK1 inhibi-
tor PD98059, P=50 uM PI3 kinase inhibitor [.Y294002 or
C=10 M CXCR4 inhibitor AMD3100).

FIGS. 6A and 6B: The transmembrane domain of 5T4 is
necessary for CXCRd4cell surface expression. Panel A,
5T4KO MEFs were transduced with retroviral vectors encod-
ing both eGFP and full length or truncated 5T4 or chimeric
5T4/CD44 constructs (schematic representation are shown,
with white, grey and black or spotted, diagonal striped and
vertical striped boxes corresponding to the extracellular, TM
and cytoplasmic regions of 5T4 and CD44 respectively). Suc-
cessful infection was assessed by GFP expression (green) and
the location of CXCR4, (red) assessed in these cells. Cell
surface expression of CXCR4 is only seen with those con-
structs with 5T4 TM (viii, xvi, xxiv); the extracellular and
cytoplasmic domains of 5T4 are not required. Panel B, Con-
sistent with this CXCL12 chemotaxis of the retrovirally
transduced GFP+5T4 null MEFs with 5T4 extracellular
domain, (dark grey), ST4extracellular domain CD44 trans-
membrane and cytosolic domains, (grid) and mock infected,
(white) showing no affect whereas full length 5T4, (light
grey), 5ST4 extracellular and transmembrane domains, (spots)
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and CD44 extracellular domain 5T4 transmembrane and
cytosolic domains, (stripes) show comparable levels to wild-
type (black columns) (—=no CXCL12, +=30 ng/well
CXCL12).

FIG. 7: Effects of cytoskeleton, microtubule and Golgi
disruption on the co-localization pattern of 5T4 and CXCR4.
Primary murine embryonic fibroblasts were assessed for their
pattern of 5T4 and CXCR4 expression by immunofluores-
cence following disruption of the cytoskeleton, Golgi or
microtubules for 24 hours with either 985 nM cytochalasin D,
3.6 uM brefeldin A or 332 nM nocodazole respectively.
Untreated primary murine embryonic fibroblasts exhibit cell
surface expression of both 5T4 and CXCR4 with regions of
colocalisation (5T46=green, CXCR4=red, DAPI=blue) of
the two antigens (seen as yellow) or in the colocalisation
analysis. Cytoskeleton disruption was determined by immu-
nofluorescence using AlexaFluor 633 conjugated phalloidin.
Following 24 hours treatment with cytochalasin D, no poly-
merized actin filaments were detectable (data not shown).
There were no detectable differences in the cell surface
expression or colocalisation of 5T4 and CXCR4 in compari-
son to untreated controls. Golgi disruption following brefel-
din A treatment was confirmed by immunofluorescence
detection of sphingolipids using BODIPY labeled NBD C6
ceramide (data not shown). Brefeldin A reduced levels of cell
surface expression of both antigens. However, some cell sur-
face expression was detected with marked with colocalisa-
tion. One hour after brefeldin A washout cell surface expres-
sion of both antigens had returned to levels with marked cell
surface colocalisation similar to that of controls. Microtubule
disruption following nocodazole treatment was confirmed by
immunofluorescence detection using an antibody against
p-tubulin (data not shown). Following nocodazole treatment
there was no cell surface detection of CXCR4 but with 5T4
still detectable at the cell surface albeit at a diminished level.
One hour after nocodazole washout both antigens were
detectable at the cell surface with marked colocalisation simi-
lar to controls.

FIGS. 8A-8E: Inhibition of chemotaxis by monoclonal
antibodies recognizing 5T4. Panel A, shows the IgG sub-
classes of four m5T4 specific monoclonal antibodies (mAb)
(made in 5T4 null mice) recognizing distinct epitopes in the
proximal and distal LRR domains. Panel B, shows titration of
mAb activity in m5T4 specific ELISA [27]. Panel C, The
chemotactic migration exhibited by differentiating WT-ES
cells towards CXCL12 was abolished in the presence of the
m5T4 specific mAb B1C3 (10 pg) but not in presence of mAb
P1C9 (10 pg) or an irrelevant control antibody (10 pg). MAbs
B3F1 and BS5C9 (10 pg) reduced the chemotactic
response. (-=no CXCL12, +=10 ng/well CXCL12). Panel D,
B1C3 and P1C9 mAb dose response of inhibition of chemo-
taxis towards CXCL12 in differentiating WT-ES cells.
B1C3demonstrated an IC50 of 0.38 pg/ml £0.14 pg. Panel E,
The chemotactic migration exhibited by primary WT mouse
embryo fibroblasts was abolished in the presence ofthe m5T4
specific mAb B1C3 (10 pug) but not in presence of mAb
P1C9(10 pg) or an irrelevant control antibody (10 pg) . MAbs
B3F1 and BS5C9 (10 pg) reduced the chemotactic
response. (-=no CXCL12, +=30 ng/well CXCL12). All
chemotactic experiments were performed at least three times
with triplicates for each condition.

FIGS. 9A-9D: 5T4 and CXCR4 expression and chemot-
axis in solid human tumor cell lines. Panel A, Localisation of
5T4 (green), CXCR4 (red) and CD26 (blue) in two breast
(MCF-7, MDA-MB231) and one choriocarcinoma (JEG-3)
cell line. Typical punctuate cell surface staining of 5T4, and
CXCRA4, and some co-localisation of these molecules (yel-
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low, composite) is illustrated; only JEG-3 showed CD26
expression (cell surface). Panel B, Shows the CXCL 12 medi-
ated chemotaxis of the breast cancer lines MCF-7 (black) and
MDA-MB-231, (white) and the choriocarcinoma JEG-3 in
the absence (grey) or presence of 10 uM diprotin A (striped
grey). The requirement for inhibition of this CXCL12 specific
dipeptidyl peptidase was consistent with the high levels of
surface expression of CD26, by JEG-3 (not shown) (+ or =30
ng/well CXCL12). All chemotactic experiments were per-
formed at least three times with triplicates for each condition.
Panel C, Western blot analysis of PAGE separated unreduced
MDA-MB-231, MCF-7 and JEG-3 membrane lysates probed
with either CXCR4 or 5T4 antibodies identifies bands at 46
kDa for CXCR4 and 75-80 kD for 5T4, but in addition, both
probes identify a higher molecular weight putative 5T4/
CXCR4 complex at around 130 kDa. Denistometric scans of
western blots between approximately 60-140 kDa (5T4
probe) and 30-140 kDa (CXCR4 probe). Panel D, Evidence
fora 5T4/CXCR4 complex is also seen on western blot analy-
sis of unreduced MDA-MB-231, MCF-7 and JEG-3 mem-
brane lysate 5T4 and CXCR4 pull downs probed with anti-
bodies against CXCR4 and 5T4, respectively. Under reducing
conditions, the epitope recognized by 5T4 antibodies is
destroyed but CXCR4 at 46 kD is detectable on the reduced
gels of the 5T4 pulldown, (not shown). Thus, specific pull
downs but not the controls, probed with either anti-CXCR4 or
anti-5T4 detected molecules migrating =130 kDa in all the
tumor lines.

FIGS.10A-10C: 5T4 and CXCR4 expression and chemo-
taxis in human ovarian carcinoma cell lines. Panel A, Locali-
sation of 5T4 (green), and CXCR4 (red) in four ovarian
carcinoma cell lines (SKOV3, CAOV3, OVCAR3 and PA1).
Typical punctuate cell surface staining of 5T4, and CXCR4,
and some co-localisation of these molecules (yellow, com-
posite) is illustrated. Panel B, Western blot analysis of PAGE
separated unreduced SKOV3, CAOV3, OVCAR3 and PA1
membrane lysates probed with either CXCR4 or 5T4 anti-
bodies identifies bands at 46 kDa for CXCR4 and 75-80 kD
for 5T4, but in addition, both probes identity a higher molecu-
lar weight putative ST4/CXCR4 complex at around 130 kDa.
Panel C, Shows the CXCL12 mediated chemotaxis of the
ovarian cancer lines SKOV3(black) and CAOV3, (white)
OVCAR3 (grey) and PA1 (striped) in the absence or presence
of 10 uM diprotin A. The requirement for inhibition of this
CXCL12 specific dipeptidyl peptidase was consistent with
the high levels of surface expression of CD26, by SKOV3 and
CAOV3 (not shown) (+ or -10 ng/well CXCL12). All chemo-
tactic experiments were performed at least three times with
triplicates for each condition.

FIGS. 11A and 11B: 5T4 shRNA inhibition of CXCL12
dependent chemotaxis in SKOV3 human ovarian carcinoma
cells. Panel A, SKOV3 cells were transfected with plasmids
encoding specific shRNA against human 5T4 and the marker
gene eGFP. Levels of cell surface 5T4 expression (black
solid) was assessed on eGFP positive cells 72 hours post
transfection. SKOV3 cells transfected either with a control
plasmid or shRNA#1 showed no decrease in cell surface
expression of 5T4. SKOV3 cells transfected with shRNA#3
showed a decrease in cell surface expression (white
solid=negative control, grey line=positive control). Panel B,
Transfected cells were cell sorted on the basis of eGFP
expression and placed onto a CXCL12chemotactic gradient.
SKOV3 cells transfected with shRNA#3 exhibited no chemo-
taxis towards CXCL12 (+ or =10 ng/well CXCL12).

FIGS.12A-12E: 5T4 and CXCR4 expression in human
paediatric leukemias. Panel A, Box plot diagram illustrating
CXCR4 and 5T4 expression in childhood pre-B ALL. The x
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axis shows cytogenetic risk groups. High risk include those
with Ph+, iAMP21, MLL and hypodiploidy. Low risk include
hyperdiploidy and TEL-AMLI1, all the rest have been
grouped as others. The y axis represents the relative gene
expression level of CXCR4 or 5T4. Each box plot shows the
distribution of expression levels from 25th to 75th percentile.
The median is shown as a line across the box, whereas the +
is the calculated mean expression level for the particular
subtype. Values within the outer fence are shown as circles
and those outside as asterisks. ANOVA shows that the high
risk B-ALL have significantly higher levels of 5T4
(P=0.0005) but not CXCR4 (P=0.35) compared to low risk
and “other” categories. Panel B, Quantitative RT-PCR of 5T4
on Pre B-ALL patient samples cells confirm microarray
results with patients with high risk patients exhibiting
increased levels of 5T4 transcript in comparison to low risk
patients (P=0.002 by Mann Whitney U test). Panel C, All pre
B-ALL human tumor cell lines show surface expression of
CXCR4 with the cell lines Tom-1 and a subpopulation of the
cell line SupB15 exhibiting 5T4 positive cells as determined
by FACS. Panel D, Immunofluorescence detection of charac-
teristic cell surface 5T4 expression (green) on live labelled
cytospins of SupB15 but not REH human pre-B ALL cells
(DAPI nuclear stain =blue). Panel E, Western analysis of
PAGE separated unreduced SupB15 membrane lysates show-
ing 46 Kda CXCR4 and 72-80 Kda 5T4 molecules as well as
ahigher molecular weight (=130 kDa) ST4/CXCR4 complex.

FIGS.13A and 13B: Flow cytometric analyses for 5T4
surface expression in pre-B acute lymphoblastic leukemic
bone marrow patient diagnostic samples. Panel A, Frozen
bone marrow aspirate single cell suspensions from patients
with childhood pre-B ALL were labelled with anti-5T4,
CD19 and CDI10 specific antibodies. Dead cells were
excluded using the viability stain 7AAD. The B cell popula-
tion was gated on cells double positive for CD19and CD10.
5T4 expression was assessed in this population and the per-
centage of positive cells was calculated. Panel B, Immunot-
luorescence detection of characteristic cell surface
ST4expression (green) on some cells in cytospins of 5T4
labelled pre-B ALL patient number 57biopsy sample (DAPI
nuclear stain=blue).

FIGS.14A-14C: Cellular location of CXCR6 and 5T4 in
differentiating ES cells, MEFs and human tumour cell lines.
Panel A, Following LIF withdrawal WT ES cells undergo an
EMT with cells eventually becoming dispersed with an
arborized morphology. The expression and cellular localiza-
tion of 5T4 (green) and CXCR6 (red) molecules before and
after differentiation was determined by immunofluorescence
of fixed cells grown on glass plates. Undifferentiated WT-ES
cells are 5T4-negative with CXCR6 expression low and intra-
cellular; following differentiation both molecules can be
detected at the cell surface with some areas of co-localisation
(yellow). This phenomenon was also evident in WT murine
embryonic fibroblasts with co-localisation of 5T4 (green) and
CXCRS6 (red) on the cell surface. By contrast, ST4KO MEFs
cells show only intracellular CXCR6 expression. In human
tumour cell lines the breast cancer cell line MCF-7, and a
choriocarcinoma cell line, JEG-3 show cell surface expres-
sion of 5T4 (green) and CXCR6 (red) with some areas of
colocalisation (yellow). Panel B, Analysis of cell surface
expression of CXCR6 (CXCR6=black line, negative
control=black solid) by flow cytometry confirmed results
obtained by immunocytochemistry with no evidence of
CXCRG6 cell surface expression on 5T4KO MEFs. Panel C,
Differentiated WT ES cells were placed on a chemotactic
gradient either towards the chemokine CXCL 12 (as a positive

20

25

30

35

40

45

50

55

60

65

20
control) or CXCL16. WT ES cells exhibited an approxi-
mately 2-fold increase in chemotaxis towards 10 ng/well
CXCL16.

FIGS.15A-15C: 5T4 is not required for chemotactic
response to CXCL10 nor CXCR3 surface expression on ES
cells. Panel A, immunofluroescence detection of 5T4(green)
and CXCR3 (red) in WT-ES and 5T4KO differentiating ES
cells. Cell surface expression of 5T4 is present only on WT-
ES cells whilst cell surface expression of CXCR3 is evident in
both WT and KO ES cells. Panel B, Undifferentiated WT
(white columns) and 5T4KO (black columns) ES cells exhibit
no CXCL10 dependent chemotaxis but differentiating WT
and 5T4KO ES cells, acquire significant chemotaxis towards
CXCL10. Panel C, Undifferentiated ES cells treated with the
CD26 inhibitor Diprotin A (10 uM) acquire increased chemo-
taxis towards CXCL10. Panel D, Treatment of both WT and
KO differentiating ES cells with the G, protein inhibitor per-
tussis toxin (10 ng/ml) inhibits CXCL10 related chemotaxis
(+ or =100 ng/well CXCL10). All chemotactic experiments
were performed at least three times with triplicates for each
condition.

FIGS.16A-16D: 5T4 is not required for CXCR7 surface
expression. Panel A, Western blot analysis of PAGE separated
reduced primary murine embryonic fibroblast membrane
lysates probed with CXCR7 antibodies (Abcam, Genetex)
identifies a 42 kDa band in 5T4KO cells. Panel B, Immunof-
luroescence  detection of CXCR7 (green) in
SV40transformed WT and KO murine embryonic fibroblasts.
Cell surface expression of CXCR7 is evident on KO and not
WT fibroblasts. Panel C, Immunofluroescence detection of
5T4 (red) and CXCR7 (green) in undifferentiated and differ-
entiating WT-ES and 5T4KO ES cells. Cell surface expres-
sion of CXCR?7 is high in undifferentiated ES cells (either WT
or 5T4KO). In 3day differentiating WT-ES cells, CXCR7 is
relatively downregulated from the cell surface whereas in
differentiating ST4KO ES surface CXCR7 is retained. Panel
D, the patterns of CXCR4 and CXCR7 cell surface expres-
sion appear to be reciprocal in the ovarian cell lines SKOV3,
CAOV3, OVCAR3 and PA1; increased CXCR?7 correlating
with decreased chemotaxis to CXCL12 (see FIG. 10C).

FIGS. 17A and 17B: Sequence comparison of 5T4 TM
domains. Alignments were performed using the ClustalW2
multiple sequence alignment program (EMBL-EBI) to com-
pare Panel A, the TM domains of 5T4 across species (SEQ ID
NO: 15) and Panel B, the TM domain of human 5T4 with
human LRRC4 (SEQ ID NO: 17) and human PL5 (SEQ ID
NO: 16), identical residues shaded black, similar residues
shaded grey.

FIG. 18: The genomic nucleotide sequence of the human
5T4 paralogue (PL5; SEQ ID NO: 18).

FIG. 19: Predicted mRNA sequence of the human 5T4
paralogue (SEQ ID NO: 19).

FIGS. 20A-20D: Evidence for alternative translation ini-
tiation site of human PL5. Panel A, translation of the DNA
sequence commencing at the second in-frame ATG codon
(SEQ ID NO: 20). Panel B, Comparison of the first (SEQ ID
NO: 22) and second (SEQ ID NO: 23) in-frame AUG codons
of human PLS5 sequence to the Kozak consensus sequence
(SEQ ID NO: 21) required for initiation of translation; R=A
or G; bold font—initiation AUG codon. Panel C, comparison
of alternative translation initiation sites in terms of the calcu-
lated likelihood of the amino-acid sequence being a signal
peptide. The Y score line shows the probability of signal
peptidase cleavage; for details, see www.cbs.dtu.dk/services/
SignalP-3.0/output.php. Panel D, HEK 293 cells were trans-
fected with expression vectors encoding a fusion protein
either human or murine PL5 with myc-tag located directly
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downstream ofthe predicted signal peptide (see panel B). The
cells were cultured for 3 days and stained with Alexa Fluor®
488-labelled anti-myc antibody.

FIG. 21: Sequence comparison of human 5T4 and human
PL5. Alignments were performed using the Clustal W2 mul-
tiple sequence alignment program (EMBL-EBI) to compare
human 5T4 (SEQ ID NO: 24) with human PL5 (SEQ ID NO:
20). Gaps are indicated by dashes, identical residues shaded
black, transmembrane region highlighted by asterisks.

FIG. 22: The genomic nucleotide sequence of the murine
5T4 paralogue (SEQ ID NO: 25).

FIG. 23: The predicted mRNA sequence of the murine 5T4
paralogue (SEQ ID NO: 26).

FIG. 24: The predicted amino acid sequence of the murine
5T4 paralogue (SEQ ID NO: 27).

FIG. 25: Sequence comparison of murine 5T4 and murine
PL5. Alignments were performed using the Clustal W2 mul-
tiple sequence alignment program (EMBL-EBI) to compare
murine 5T4 (SEQ ID NO: 28) with murine PL.5 (SEQ ID NO:
27). Gaps are indicated by dashes, identical residues shaded
black, transmembrane region highlighted by asterisks.

FIG. 26: The nucleotide sequence of the murine 5T4 para-
logue expressed sequence tags from mouse olfactory brain
c¢DNA (SEQ ID NO: 29).

FIG. 27: The amino acid sequence of the murine 5T4
paralogue protein (SEQ ID NO: 30) deduced from the trans-
lation of the mRNA nucleotide sequence.

FIG. 28: Sequence comparison of murine PL5 and EST.
Alignments were performed using the Clustal W2 multiple
sequence alignment program (EMBL-EBI) to compare the
amino acid sequence deduced from translation of the mouse
olfactory brain cDNA (EST) (SEQ ID NO: 30) and the murine
5T4 paralogue protein and murine 5T4 (SEQ ID NO: 27).
Gaps are indicated by dashes, identical residues shaded black,
transmembrane region highlighted by asterisks.

FIGS.29A-29C: Isolation of human PL5 ¢cDNA. Panel A,
shows results of RT-PCR experiments using primers designed
outside the transmembrane region of the putative human 5T4
paralogue. A specific product was detected in cDNA gener-
ated from the SHSY-5Y neuroblastoma cell line (see lane 2).
Panel B, shows a BLAST sequence alignment between the
sequence obtained by sequencing the SHSY-5Y neuroblas-
toma cDNA RT-PCR product (SEQ ID NO: 31) and the
human 5T4 paralogue mRNA sequence (SEQ ID NO: 32).
Identical nucleotides are shown by vertical lines; gaps are
indicated by dashes. Panel C, shows results of RT-PCR
experiments for the constitutive gene EEF2. The results show
that the cDNA is not contaminated with genomic DNA.

DETAILED DESCRIPTION OF THE INVENTION

5T4 Polypeptide

5T4 oncofoetal glycoprotein (also known as trophoblast
glycoprotein, TPBG; NCBI GenelD: 7162) is an approxi-
mately 72 kDa transmembrane glycoprotein with an N-gly-
cosylated extracellular domain. As used herein the 5T4
polypeptide may comprise at least the transmembrane
domain, and optionally the extracellular domain and/or cyto-
plasmic domain, of:

(1) the human 5T4 polypeptide having the amino acid
sequence disclosed at NCBI Accession No:
NP__006661, GI: 5729718,

(ii) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (i) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
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acid sequence identity to (i) calculated over the full-
length of (i) or calculated over at least the transmem-
brane domain of (i);

(ii1) the human 5T4 paralogue polypeptide having the
amino acid sequence shown in FIG. 20At;

(iv) the mouse 5T4 polypeptide having the amino acid
sequence disclosed at NCBI Accession No:
NP__ 035757, GI: 31543887,

(v) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of any one of (iii) or (iv) having at
least 70%, at least 80%, at least 90%, at least 95% or at
least 99% amino acid sequence identity to any one of
(iii) or (iv) calculated over the full-length of (iii) or (iv)
or calculated over at least the transmembrane domain of
(iii) or (iv);

(vi) the mouse 5T4 paralogue polypeptide having the pre-
dicted amino acid sequence disclosed at NCBI Acces-
sion No: XP_ 486328, GI: 51829389;

(vii) the rat 5T4 polypeptide having the amino acid
sequence disclosed at NCBI Accession No: AAH87011,
GI: 56268820,

(viil) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of any one of (vi) or (vii) having at
least 70%, at least 80%, at least 90%, at least 95% or at
least 99% amino acid sequence identity to any one of (vi)
or (vii) calculated over the full-length of (vi) or (vii) or
calculated over at least the transmembrane domain of
(vi) or (vii);

(ix) the rat 5T4 paralogue having the amino acid sequence
disclosed at NCBI Accession No: XP00101215, GI:
109459106

(x) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (ix) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (ix) calculated over the full-
length of (ix) or calculated over at least the transmem-
brane domain of (ix);

(x1) a fragment of any one of (i)-(x) having at least 20, at
least 30, at least 50, at least 100 or at least 200 amino
acids. Preferably, said fragment (xi) comprises a trans-
membrane domain. Preferably, the 5T4 polypeptide
comprises a transmembrane domain having the amino
acid sequence of the human 5T4 transmembrane domain
shown in FIG. 9a. As can be seen from FIG. 9a, the
transmembrane domain of a 5T4 polypeptide may be
readily identified by alignment with, e.g. the human 5T4
polypeptide sequence. Most preferably, the 5T4
polypeptide comprises the full-length human 5T4
polypeptide as defined in (i) above.

CXC Chemokine Receptor Polypeptide

The CXC chemokine receptor subfamily comprises seven
members all of which are 7 transmembrane-spanning pro-
teins that are G protein linked receptors for cytokines of the
CXC chemokine family. The CXC chemokine receptor sub-
family is currently believed to comprise CXCR1-7.

CXCR3, although expressed primarily on activated T lym-

phocytes and NK cells, is also expressed on some epithelial
cells and endothelial cells. Binding of the ligands CXCL9,
CXCL10, and CXCL11 to CXCR3 elicits an increase in
intracellular Ca®** levels with downstream activation of
phosphoinositide 3-kinase and mitogen-activated protein
kinase (MAPK). Detailed signaling pathway has not yet been
established, but may include the same enzymes that play a
role in the signaling cascade induced by other chemokine
receptors.

The main focus of analysis of CXCR3 function to date has

focused on its ability to regulate leukocyte trafficking. Bind-
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ing of ligands to CXCR3 induces various cellular responses,
most notably integrin activation, cytoskeletal changes and
chemotactic migration. In addition, CXCL9, CXCL10 and
CXCL11 are commonly produced by local cells in inflamma-
tory lesion, suggesting that CXCR3 and its chemokines par-
ticipate in the recruitment of inflammatory cells. Addition-
ally, CXCR3 has been implicated in wound healing.

CXCR3 has also been implicated in the following diseases,
atherosclerosis, multiple sclerosis, pulmonary fibrosis, type 1
diabetes, autoimmune myasthenia gravis, nephrotoxic
nephritis, acute cardiac allograft rejection and possibly
Celiac Disease. Development of agents to block CXCR3-
ligand interactions may provide new ways to treat these dis-
eases.

CXCR7, formerly called RDC1, was originally cloned
from a dog cDNA library as a putative G-protein coupled
receptor (GPCR) for the vasoactive intestinal peptide hor-
mone VIP. The binding of VIP to CXCR7 was questioned
shortly after discovery and instead, it was suggested that
CXCR7 might be the receptor for adrenomedullin, however
this finding was also eventually dismissed, and it is now
accepted that CXCR7 is a receptor for the chemokines
CXCL11 and CXCL12. Translocations involving this gene
and HMGAZ2 on chromosome 12 have been observed in lipo-
mas and alternatively spliced transcript variants encoding the
same protein isoform have been found. CXCR?7 is highly
conserved between mammalian species, it is highly expressed
in monocytes and mature B cells and it has been demonstrated
to be a co-receptor for human immunodeficiency viruses
(HIV). CXCR7 null mice have been produced however most
CXCR7-/- mice died at birth with ventricular septal defects
and semilunar heart valve malformation.

Upon ligand binding CXCR?7 fails to initiate a classical
chemokine receptor signaling response, such as intracellular
calcium flux or activation of kinase pathways, which may be
attributable to the receptor lacking a DRYLAIV motif
deemed to be important for G-protein binding/signal trans-
duction, however CXCR?7 is able to recruit beta-arrestin in
response to ligand binding leading to receptor internalization
and in some cases ligand sequestration. Despite an apparent
lack of intrinsic signaling capability CXCR7 has consistently
been associated with roles in cell survival, metabolism and
proliferation which may be mediated by interactions with
other receptors, indeed CXCR7 can form homo- and hetero-
dimers with other chemokine receptors, most notably
CXCR4 in which heterodimer formation alters the magnitude
and dynamics of the CXCR4 signalling response to CXCL12.
CXCR4 Polypeptide

Chemokine (C—X—C motif) receptor 4 (CXCR4; NCBI
GenelD: 7852) is a 7 transmembrane region chemokine
receptor that binds the chemokine ligand CXCL12 (also
known as SDF-1; NCBI GenelD: 6387) and is involved in the
chemotactic activity of lymphocytes. As used herein the
CXCR4 polypeptide may have the amino acid sequence of:

(1) the human CXCR4 polypeptide having the amino acid
sequence disclosed at NCBI Accession No: CAA12166,
GI: 3059120,

(ii) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (i) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (i) calculated over the full-
length of (i);

(iii) the mouse CXCR4 polypeptide having the amino acid
sequence disclosed at NCBI Accession No: AAH98322,
GI: 68226707,

(iv) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (iii) having at least 70%, at least

20

25

30

35

40

45

50

55

60

65

24

80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (iii) calculated over the full-
length of (iii);

(v) the rat CXCR4 polypeptide having the amino acid
sequence disclosed at NCBI Accession No: AALL.47855,
GI: 17902281,

(vi) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (v) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (v) calculated over the full-
length of (v);

(vii) a fragment of any one of (i)-(vi) having at least 100, at
least 200, at least 250, or at least 300 amino acids.
Preferably, said fragment (vii) comprises a CXCL12-
binding domain. Most preferably, the CXCR4 polypep-
tide comprises the full-length amino acid sequence of
human CXCR4 as defined in (i) above.

CXCR6 Polypeptide

Chemokine (C—X—C motif) receptor 6 (CXCR6; NCBI
GenelD: 10663) is a 7 transmembrane region chemokine
receptor that binds the chemokine ligand CXCL16 (NCBI
GenelD: 58191). As used herein the CXCR6 polypeptide may
have the amino acid sequence of:

(1) the human CXCR6 polypeptide having the amino acid
sequence disclosed at NCBI Accession No: 000574, GI:
3121816;

(i) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (i) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (i) calculated over the full-
length of (i);

(ii1) the mouse CXCRG6 polypeptide having the amino acid
sequence disclosed at NCBI Accession No:
NP__109637, GI: 157266315;

(iv) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (iii) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (iii) calculated over the full-
length of (iii);

(v) the rat CXCR6 polypeptide having the amino acid
sequence disclosed at NCBI Accession No:
NP__ 001096057, GI: 156564361,

(vi) a variant (such as a splice variant), paralogue, ortho-
logue or derivative of (v) having at least 70%, at least
80%, at least 90%, at least 95% or at least 99% amino
acid sequence identity to (v) calculated over the full-
length of (v);

(vii) a fragment of any one of (i)-(vi) having at least 100, at
least 200, at least 250, or at least 300 amino acids.
Preferably, said fragment (vii) comprises a CXCL16
binding domain.

Chemotaxis

As used herein, chemotaxis refers to the motile response of
a cell to a chemical stimulus. In particular, the movement
towards a CXCL12-expressing tissue by a CXCR4-express-
ing cell or movement towards a CXCL16-expressing tissue
by a CXCR6-expressing cell, such as a tumour cell is con-
templated. Chemotaxis may be conveniently assessed using a
cellular motility based assay wherein cell migration across a
transwell chamber is quantified [16; the contents of which are
expressly incorporated herein by reference in their entirety].
Metastasis

As used herein, metastasis refers to the spread of cancer
cells from one site to another, in particular from a first organ
or part to another organ or part that is not adjacent to the first
organ or part. Metastasis may involve chemotaxis of cancer
cells from a first site (e.g. the site of a primary tumour)
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towards a distant site. As used herein inhibition of metastasis
includes not only complete or partial reduction in the spread
of cancer cells, but also a reduction in the speed of cancer
spread and invasion of distant sites.

Cell Proliferation and Survival

Activation of CXC chemokine receptors by their ligands
also results in functional consequences other than chemot-
axis, such as cell proliferation and cell survival. Upon ligand
binding the chemokine receptor CXCR4 is capable of elicit-
ing multiple cellular functions. For example, the overexpres-
sion of CXCR4 in pituitary adenomas contributes to pituitary
cell proliferation and possibly adenoma development [54].
Signals from the CXCR4 receptor have also been implicated
in the regulation of the Bcl-2/Bax ratio to promote dendritic
cell survival in the thymus [55].

Antibody Molecule

As used herein with reference to all aspects of the inven-
tion, the term “antibody” or “antibody molecule” includes
any immunoglobulin whether natural or partly or wholly syn-
thetically produced. The term “antibody” or “antibody mol-
ecule” includes monoclonal antibodies (mAb) and polyclonal
antibodies (including polyclonal antisera). Antibodies may
be intact or fragments derived from full antibodies (see
below). Antibodies may be human antibodies, humanised
antibodies or antibodies of non-human origin. “Monoclonal
antibodies” are homogeneous, highly specific antibody popu-
lations directed against a single antigenic site or “determi-
nant” of the target molecule. “Polyclonal antibodies” include
heterogeneous antibody populations that are directed against
different antigenic determinants of the target molecule. The
term “antiserum” or “antisera” refers to blood serum contain-
ing antibodies obtained from immunized animals.

It has been shown that fragments of a whole antibody can
perform the function of binding antigens. Thus reference to
antibody herein, and with reference to the methods, arrays
and kits of the invention, covers a full antibody and also
covers any polypeptide or protein comprising an antibody
binding fragment. Examples of binding fragments are (i) the
Fab fragment consisting of V;, V, C,; and C,,1 domains; (ii)
the Fd fragment consisting of the V,, and C,,1 domains; (iii)
the Fv fragment consisting of the V; and V,, domains of a
single antibody; (iv) the dAb fragment which consists ofaV,
domain; (v) isolated CDR regions; (vi) F(ab'), fragments, a
bivalent fragment comprising two linked Fab fragments (vii)
single chain Fv molecules (scFv), wherein a V,, domain and
a V; domain are linked by a peptide linker which allows the
two domains to associate to form an antigen binding site;
(viii) bispecific single chain Fv dimers (WO 93/11161) and
(ix) “diabodies”, multivalent or multispecific fragments con-
structed by gene fusion (W094/13804; 58). Fv, scFv or dia-
body molecules may be stabilised by the incorporation of
disulphide bridges linking the VH and VL domains. Minibod-
ies comprising a scFv joined to a CH3 domain may also be
made.

In relation to a an antibody molecule, the term “selectively
binds” may be used herein to refer to the situation in which
one member of a specific binding pair will not show any
significant binding to molecules other than its specific bind-
ing partner(s). The term is also applicable where e.g. an
antigen-binding site is specific for a particular epitope that is
carried by a number of antigens, in which case the specific
binding member carrying the antigen-binding site will be able
to bind to the various antigens carrying the epitope.
Variants and Uses of the Antibodies

An antibody of the invention that selectively binds to a
complex comprising a 5T4 polypeptide and a CXC chemok-
ine receptor polypeptide (e.g. a 5T4-CXCR4 complex or a
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5T4-CXCR6 complex) may be used in treatment, imaging

and/or diagnosis of a cancer, particularly a 5T4 polypeptide-

positive, CXC chemokine receptor polypeptide-positive can-
cer, a metastatic cancer and/or a cancer prone to metastasis.

In one aspect, the antibodies of the present invention may
be linked to a detectable moiety. The term “detectable moi-
ety” relates to a group that, when located at the target site
following administration of the antibodies of the present to a
patient, may be detected, typically non-invasively from out-
side the body and the site of the target located. Thus, the
antibodies of the present invention are useful in imaging and
diagnosis. Detectable moieties are entities that are detectable
by imaging techniques such as Magnetic Resonance Imaging
(MRI), Magnetic Resonance Spectroscopy (MRS), Single
Photon Emission Computed Tomography (SPECT) and
Positron Emission Tomography (PET) and optical imaging.
Preferably, imaging moieties are stable, non-toxic entities
that retain their properties under in vitro and in vivo condi-
tions. Examples of such moieties include but are not limited to
radioactive moieties, for example radioactive isotopes. Suit-
able radioactive atoms include technetium-99m or iodine-
123 for scintigraphic studies. Other readily detectable moi-
eties include, for example, spin labels for MRI such as iodine-
123 again, iodine-131, indium-111, fluorine-18, carbon-13,
nitrogen-15, oxygen-17, gadolinium, manganese or iron and
optical moieties which include Cy5.5 and quantum dots.

Alternatively or additionally, the antibodies of the present
invention may be conjugated or linked to a therapeutically
active moiety, for example a moiety that is cytotoxic. Such
antibodies may be useful for targeting cancer that is spreading
or prone to spread and delivering the therapeutically active
moiety to cancer cells.

A further class of groups that can be incorporated into the
antibodies of the present invention are affinity tags that can be
introduced into the antibodies to enable them to be manipu-
lated or detected in one or more subsequent steps. A wide
range of affinity tags are known in the art suitable affinity tags
include members of specific binding pairs, antibodies and
antigens, biotin which binds to streptavidin and avidin, poly-
histidine (e.g. hexa-His or tri-His tags) or amino di- or tri-
carboxylates which bind to metal ions such as Ni** or Co**,
Flag or Glu epitopes which bind to anti-Flag antibodies,
S-tags which bind to streptavidin, calmodulin binding peptide
which binds to calmodulin in the presence of Ca2+; ribonu-
clease S which binds to aporibonuclease S; and c-Myc which
recognises anti-c-Myc antibody. Examples of other affinity
tags that can be used in accordance with the present invention
will be apparent to those skilled in the art. Antibodies includ-
ing these affinity tags can be easily purified and manipulated.

The term “therapeutically active moiety” encompasses a
moiety having beneficial, prophylactic and/or therapeutic
properties.

In one embodiment the therapeutically active moiety is a
cytotoxic chemotherapeutic agent. Cytotoxic chemothera-
peutic agents are well known in the art and include anti-
cancer agents such as:

Alkylating agents including nitrogen mustards such as
mechlorethamine (HN2), cyclophosphamide, ifosfamide,
melphalan (L-sarcolysin) and chlorambucil; 10 ethylen-
imines and methylmelamines such as hexameth-
ylmelamine, thiotepa; alkyl sulphonates such as busulfan;
nitrosoureas such as carmustine (BCNU), lomustine
(CCNLJ), semustine (methyl-CCN-U) and streptozoein
(streptozotocin); and triazenes such as decarbazine (DTIC;
dimethyltriazenoimidazolecarboxamide);

Antimetabolites including folic acid analogues such as meth-
otrexate (amethopterin); pyrimidine analogues such as
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fluorouracil (5-fluorouracil; 5-FU), floxuridine (fluorode-
oxyuridine; FUdR) and cytarabine (cytosine arabinoside);
and purine analogues and related inhibitors such as mer-
captopurine (6-mercaptopurine; 6-MP), thioguanine
(6-thioguanine; TG) and pentostatin (2'-deoxycofonny-
cin). Natural Products including vinca alkaloids such as
vinblastine (VLB) and vincristine; epipodophyllotoxins
such as etoposide and teniposide; antibiotics such as dac-
tinomycin (actinomycin D), daunorabicin (daunomycin;
rubidomycin), doxorubicin, bleomycin, plicamycin (mith-
ramycin) and mitomycin (mitomycin Q; enzymes such as
L-asparaginase; and biological response modifiers such as
interferon alphenomes. Miscellaneous agents including
platinum coordination complexes such as cisplatin (cis-
DDP) and carboplatin; anthracenedione such as mitox-
antrone and antbracycline; substituted urea such as
hydroxyurea; methyl hydrazine derivative such as procar-
bazine (N-methylhydrazine, MIH); and adrenocortical
suppressant such as mitotane (o, p'-DDD) and aminoglu-
tethimide; taxol and analogues/derivatives; and hormone
agonists/antagonists such as flutamide and tamoxifen.

Methods of conjugating antibodies to therapeutic agents
are well known in the art.

In a further embodiment, the cytotoxic moiety is a cyto-
toxic peptide or polypeptide moiety by which we include any
moiety which leads to cell death.

Cytotoxic peptide and polypeptide moieties are well
known in the art and include, for example, ricin, abrin,
Pseudomonas exotoxin, RNase, tissue factor and the like.

The use of ricin as a cytotoxic agent is described in Bur-
rows & Thorpe, PN.A.S. USA 90: 8996-9000, 1993, incorpo-
rated herein by reference, and the use of tissue factor, which
leads to localised blood clotting and infarction of a tumour,
has been described by Ran et al., Cancer Res. 58: 4646-4653,
1998 and Huang et al., Science 275: 25 547-550, 1997. Tsai et
al., Dis. Colon Rectum 38: 1067-1074, 1995 describes the
abrin A chain conjugated to a monoclonal antibody and is
incorporated herein by reference. Other ribosome inactivat-
ing proteins are described as cytotoxic agents in WO
96/06641. Pseudomonas exotoxin may also be used as the
cytotoxic polypeptide moiety (see, for example, Aiello et al,
PN.A.S. USA 92: 10457-10461, 1995.

Certain cytokines, such as TNFa and IL.-2, may also be
useful as cytotoxic and/or therapeutic agents.

Certain radioactive atoms may also be cytotoxic if deliv-
ered in sufficient doses. Thus, the cytotoxic moiety may com-
prise a radioactive atom which, in use, delivers a sufficient
quantity of radioactivity to the target site so as to be cytotoxic.
Suitable radioactive atoms include phosphorus-32, iodine-
125, iodine-131, indium-111, rhenium-186, rhenium-188 or
yttrium-90, or any other isotope which emits enough energy
to destroy neighbouring cells, organelles or nucleic acid.
Preferably, the isotopes and density of radioactive atoms in
the antibody of the invention are such that a dose of more than
4000 cGy, and more preferably at least 6000, 8000 or 10000
cGy, is delivered to the target site and, preferably, to the cells
at the target site and their organelles, particularly the nucleus.

The radioactive atom may be attached to the binding moi-
ety in known ways. For example, EDTA or another chelating
agent may be attached to the binding moiety and used to
attach 1111In or 90Y. Tyrosine residues may be labelled with
125Tor 1311

Alternatively, any of these systems can be incorporated
into a prodrug system. Such prodrug systems are well known
in the art and include ADEPT systems in which an antibody
according to the present invention is conjugated or conjugat-
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able or fused to an agent capable of converting a prodrug to a
cytotoxic moiety is an enzyme for use in antibody directed
enzyme prodrug therapy.

The following is presented by way of example and is not to
be construed as a limitation to the scope of the claims.

EXAMPLES

Materials and Methods
5T4 KO Mice

We have constructed a 5T4 KO mouse by replacing the
second exon of 5T4, which encodes the entire protein, with an
IRES-LacZneo reporter gene in ES cells. These cells were
used to produce chimeric mice and germline progeny; 5T4
KO heterozygote mice were backcrossed to the C57BL/6
background. The null 5T4 C57BV/6 animals are viable but
adult animals show some structural disorganisation within the
brain and exhibit a high frequency of hydrocephalus. At the
F10 generation the frequency of hydrocephalus is 19% with
the median age of death, (animals requiring termination) at 49
days, (range 33-100). We have made and characterized 5T4
KO ES cells in order to study aspects of the role of 5T4 in
EMT [16] and its relationship to CD26 expression. The 5T4
null mice were used to generate monoclonal antibodies spe-
cific for m5T4 (B3F1, 1gG2a; P1C9, 1gG2b; B5C9, 1gG1;
B1C3, IgGG2a; unpublished).

Primary murine embryonic fibroblasts, (MEFs) of all three
genotypes were prepared from day 13 embryos following
mating of male and female 5T4 heterozygote C57B16 trans-
genic mice by methods previously described [ 28; the contents
of which are expressly incorporated herein in their entirety].
Cell Lines

E14TG2a [29], (herein referred to as WT-ES) and ST4KO
ES cells [16] were cultured on pre-prepared 0.1% gelatine
(Sigma) coated tissue culture flasks. ES cells were grown in
Knockout DMEM, (Invitrogen) supplemented with 10%
Hyclone foetal calf serum, (Perbio), 2 mM L-glutamine, 1%
non-essential amino acids (eBioscience), nucleosides [6 ml
of'the following solution/500 ml DMEM: adenosine (80 mg),
guanosine (85 mg), cytidine (73 mg), uridine (73 mg) and
thymidine (24 mg) dissolved in 100 ml double distilled water;
Sigma], 2-mercaptoethanol (50 puM; Invitrogen) and leu-
kaemia inhibitory factor (LIF; 1000 units/ml of ESGRO;
Chemicon Int.). For differentiation cells were grown in media
that was not supplemented with LIF. Media was changed
daily. Chromosome numbers were routinely determined by
chromosome spread following a 2 hour incubation with 0.02
ng/ml colcemid. MCF-7, MDA-MB-231 were also cultured
in the DMEM, 10% FCS plus 2 mM L-glutamine and 0.1
mg/ml penicillin and streptomycin, whilst JEG-3 (all
obtained from American Tissue and Cell Collection, ATCC),
SupB15, Nalm-6 and Tom-1 (obtained from the Deutsche
Sammlung von Mikroorganismen and Zellkulturen, DSMZ7),
SD1 and REH (Cancer Research UK cell bank) cell lines were
cultured in RPMI supplemented with 10% FCS, 2 mM
L-glutamine, 0.1 mg/ml penicillin and streptomycin.
SKOV3,CAOV3,OVCAR3 and PA1 ovarian carcinoma cells
were cultured as described by ATCC who supplied the lines.
Microarray Analysis

We have utilized the associated loss of pluripotency of
murine ES cells with the early upregulation of 5T4 expression
to search for other changes in gene expression using an
Aftymetrix approach [30]. The ES cells were grown with or
without leukaemia inhibitory factor (LIF) for 3 days and the
disaggregated cells sorted for expression, or not, of cell sur-
face 5T4. Two ES lines were investigated with samples show-
ing minimal intra-replicate variance and the results presented
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using SAM techniques with gene lists selected on the basis of
False Discovery Rate (FDR). Many established transcrip-
tional changes that occur during differentiation were identi-
fied. Data were further subjected to RMA and/or MASS pro-
cessing and this refined the number of candidate transcript
changes of interest including several not previously identi-
fied. One gene which showed significant down-regulation
during differentiation was CD26, a cell surface molecule with
protease activity versus CXCL12/SDF-1 [19]. Concomi-
tantly, transcription of CXCL12 was upregulated while its
receptor CXCR4 levels were unchanged. Additional analysis
on the ES cell 5T4 stratified microarray dataset showed sig-
nificant fold changes in the chemokine ligands CXCL.10, 11
and 16 along with CXCL12. CXCL10 and 11 both bind to
CXCR3 whilst CXCL11 is also known to bind to CXCR?7 (as
does CXCL12). CXCL16 binds exclusively to the receptor
CXCR6.
Chemotaxis Assay

Chemotaxis was assessed using transwell chambers as pre-
viously described for cellular motility assays [16; the con-
tents of which are expressly incorporated herein in their
entirety] in the presence or absence of the chemokine
CXCL12 (R&D systems), at a concentration of 10 ng/well for
ES cell experiments, and 30 ng/well for all others. Inhibition
studies were performed in the presence of 10 uM Diprotin A
(Sigma) for CD26, 10 uM AMD3100 (Sigma) for CXCR4 or
10 pg/well mouse anti-CXCL 12 (R&D systems) or Pertussis
Toxin (Sigma, 10 ng/ml). For m5T4 specific mAb inhibition
of chemotaxis or control Ig; antibodies were premixed with
50,000 differentiating WT-ES or MEF cells/ml and added to
the transwell chambers as above. CXCL16 (R&D 10 ng/ml),
the ligand for CXCR6 and CXCL10 (R&D 100 ng/ml), a
ligand for CXCR3 were used to assess chemotaxis in undif-
ferentiated and/or differentiating WT and 5T4KO ES cells.
ELISA for CXCL12

CXCL12 concentration in 3-day conditioned medium
from undifterentiated (+LIF) or following 3 days differentia-
tion (-LIF) of WT-ES cells was determined by murine
CXCL12 specific ELISA (R&D systems).
Flow Cytometry

Cell surface detection of human and murine 5T4 was per-
formed as previously described [15, 16; the contents of which
are expressly incorporated herein in their entirety]. Cells were
briefly trypsinized, washed twice in PBS and resuspended at
2x10° cells/ml in FACS buffer, (0.1% sodium azide (Sigma);
0.2% bovine serum albumin (Sigma); in PBS). Cells were
labelled with antibodies at 4° C. for 1 hour at the following
concentrations: mouse IgM anti-SSEA-1 directly conjugated
to phycoerithrin (PE; Santa Cruz) 2 pg/ml; mouse IgM con-
jugated PE isotype control (Santa Cruz) 2 pg/ml; 9A7 (rat
1gG, , anti-m5T4 [27]) 20 ng/ml; B3F1 (mouse 1gG,,, anti-
m5T4) 5 ng/ml; mouse IgG, anti-h5T4 1 pg/ml; rat IgG,,
mouse IgG,, and mouse IgG, isotype controls (eBioscience)
20 pg/ml, 5 ng/ml and 1 pg/ml, respectively; 1 pg/ml PE-goat
anti-mouse (DAKO); rat anti-mDPIV (CD26) directly conju-
gated to PE 5 pg/ml (R&D systems), rat IgG, , isotype con-
trol-PE 5 pg/ml (R&D systems); rabbit polyclonal anti-
CXCR4 (Abcam) 5 pg/ml; rat 1gG2b anti murine CXCR6
(R&D, 5 pg/ml) negative control rabbit or rat immunoglobu-
lins (Dako Cytomation) 5 pg/ml. For B-ALL labelling B cells
were identified using mouse IgGl Qdot605 anti-CD10 (4
uM) (Invitrogen) and mouse IgG1 Alexa Fluor700 anti-CD19
(6 ng/ml) (CalTag). Dead cells were identified using 7-AAD
at 10 pg/ml (Biotium Inc). After washing twice in FACS
buffer were fixed in 300 ul 1% p-formaldehyde.
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Quantitative PCR, (qPCR)

For each RNA sample, 2 ug of total RNA was reverse
transcribed according to manufacturer’s instructions
(Promega). Murine primers were designed using Primer
Express 2.0 (read 5' to 3'; forward-F, reverse-R):

(SEQ ID NO: 1)
m5T4-F: agctcttcggtaccctegte,

(SEQ ID NO: 2)
m5T4-R: gttgcggttcacgcactta,

(SEQ ID NO: 3)
mCD26-F: ggcaatttgtaaaaatgggatt,

(SEQ ID NO: 4)
mCD26-R: aggttacataccctccatatgacce,

(SEQ ID NO: 5)
mSDF-1-F: tccaaattccccagcaga,

(SEQ ID NO: 6)
mSDF-1-R: ctgaacccatcgctgcttagac,

(SEQ ID NO: 7)
mCXCR4-F: caggacctgtggccaagttctt,

(SEQ ID NO: 8)
mCXCR4-R: agctgaggatcacggctagctt.

Human primers were obtained from Applied Biosystems
from the Tagman Gene Expression library, h5T4
(Hs00272649_s1); GAPDH (Hs02786624_gl); and p-2
microblobulin (Hs00984230_m1). SybrGreen qPCR reac-
tions were performed in MicroAmp optical 384-well reaction
plates (Applied Biosystems). Amplifications were carried out
using a 7900 ABI Prism thermocycler (Applied Biosystems)
and amplification analysed with SDS 2.1 software (Applied
Biosystems). Amplification curves (derivative of fluores-
cence intensity versus time) were made and inspected to
ensure that only one peak, indicating one amplicon product,
was produced. Relative fold expression was calculated using
the AAC approximation method with the SupB15 cell line as
the internal calibrator. For testing of relative gene expression,
10 ng cDNA was used per reaction.

Westerns and Immunoprecipitation

Western blots were carried out using a BioRad Mini-PRO-
TEAN Tetra (Thermo Fisher) supplemented with protease
and phosphatase inhibitor cocktails (Thermo Fisher). RIPA
buffer (50 mM Tris-Cl pH 7.4, 150 mM NaCl, 1% NP40,
0.25% Na-deoxycholate, 1 mM PMSF and protease and
phosphatase inhibitor cocktail) was used as an alternative
method of cell lysis. The compound PD98059 (Thermo
Fisher) was applied to cells to inhibit MEK1 at 100 uM for 1
h prior to CXCL12 stimulation. Other primary antibodies
used were ERKI1/2, phospho-ERK1/2 (Thr202/Tyr204/
Thr185/Tyr187), AKT and phospho-AKT (Thr308) (Cell
Signalling Technology) at 1:1000. Following secondary anti-
body labelling using appropriate HRP conjugates (AbSero-
tec) hybridizing bands were detected using SuperSignal West
Dura (Thermo Fischer). For immunoprecipitation experi-
ments cells were lysed in M-PER (Thermo Fischer) accord-
ing to manufacturer’s instructions and enriched for the mem-
brane fraction on a 45% sucrose gradient by
ultracentrifugation. 100 pg of the membrane enriched frac-
tion was incubated with 1 pg of rabbit polyclonal anti-
CXCR4 (Abcam) or 1 ng of mouse anti-monoclonal h5T4 or
appropriate irrelevant control antibodies for 1 hour at room
temperature. A 50% slurry of Protein G beads (Amersham)
was then added and incubated for 1 hour at room temperature.
Beads were subsequently washed 7 times with 1 ml PBS+
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0.1% Triton X-100, and then resuspended in PAGE loading
buffer (Thermo Fisher), boiled for 3 minutes and loaded onto
4-15% gradient gel and processed as described for Westerns
above. Gels were run in Lamelli buffer (25 mM Tris-base, 192
mM glycine, 0.1% SDS). Antibodies to CXCR7 were used in
western blot analysis of PAGE separated MEF cells solubi-
lised 1%.

Immunofluorescence In Situ. These studies were per-
formed using methods described previously (39), with cells
grown on 24 well glass bottomed plates, (Iwaki, supplied
through Jencons) for ES cells the wells were pre coated with
0.1% gelatine. Primary antibodies used were rabbit anti-
CXCR4, (5 pg/ml) (Abcam), rat-anti-DPIV (5 pg/ml),
(R&D), mAb anti-human 5T4 (10 pg/ml,), mAb anti-m5T4,
9A7 (20 pg/ml), B3F1 (5 pg/ml), rabbit anti-CXCR7 (Ab-
Cam, 5 pg/ml), rat mAb anti-CXCR6 (R&D, 5 ug/ml), rat
mAb anti-CXCR3 (R&D, 5 pg/ml), Alexa Fluor 488 mouse
anti-myc tag clone 4A6 (Millipore) or appropriate isotype
controls. Secondary detection was performed by incubation
for 1 hour at 4° C. with species or IgG sub-class specific Alexa
Fluor conjugated secondary antibodies (Invitrogen) (6 pg/ml)
as appropriate for multiple antigen detection. Labelling of the
endoplasmic reticulum and Golgi apparatus was performed
using NBD C6-Ceramide or Endotracker, (Invitrogen,
Molecular Probes) as per manufacturer’s instructions. Label-
ing of lipid rafts was performed using cholera toxin subunit B
conjugated to FITC, 1 pg/ml (Sigma) for 30 minutes at room
temperature after secondary antibody labeling. F-Actin was
labeled using Phaloidin-633 Alexa Fluor (Invitrogen). Micro-
tubules were visualised by murine 1gG recognizing -tubulin
(Cancer Research UK). Cells were imaged on a Zeiss Axio-
vert 200M with a plan-fluar x100 1.45NA objective lens and
a Roper Cascade EMCCD 512B camera. [llumination was
achieved using a 300W Xenon system, (Sutter) which pre-
sented the system as an even field of illumination in addition
to the appropriate neutral density and Schott filters to modu-
late the light source. Wavelength selection was achieved
using external filter wheels, (Applied Scientific Instrumenta-
tion) and the ETSedat set, (Chroma). Data sets were captured
with an axial resolution of 100 nm using the MS-2000 stage
(Applied Scientific Instrumentation) and a lateral resolution
01 0.1645 microns per pixel. The system was full controlled
and automated via the FRAP-AI software, (MAG Biosys-
tems/Metamorph). All of the data sets were deconvolved
using Huygens (Scientific Volume Imaging) after which visu-
alization and analysis was carried out using Imaris, (Bit-
plane). Colocalisation was assessed by analysis of the decon-
volved images utilising ImarisColoc software (Bitplane) in
manual mode. A 2D scatter plot showing intensity pairs in the
image was thresholded to include only colocalized points in
the three dimensional volume. This data was then extracted to
a separate channel containing three dimensional colocalized
points only.
5T4 Constructs

A series of 5T4 constructs were built for this study and
cloned into pCMVa, and the retroviral vector SF91 [32] that
we had previously inserted the cDNA cassette eGFP under
the transcriptional control of an IRES (Clonetech). Chimeric
constructs of mouse 5T4/CD44 molecules with reciprocally
exchanged TM and cytoplasmic domains were engineered.
CD44 molecules are 80-95 kDa transmembrane glycopro-
teins expressed on a variety of normal cells as well as some
tumours where particular spliced forms have been associated
with increased metastasis [33]. E1/E3 replication deficient
recombinant adenoviral vectors were constructed by cloning
ofthe m5T4 or h5T4 cDNA into the adenoviral shuttle vector
pAdlox [34]. GFP control adenoviral vector was generated by
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the sub-cloning of the eGFP ¢cDNA into the pAdlox vector.
Recombinant adenoviral particles (hereafter termed RAd-
m5T4, RAd-h5T4 and RAd-GFP) were generated by co-
transfection of CRES cells with the pAdlox vector and aden-
ovirus C5 DNA as described [34]. High-titre stocks were
prepared by double caesium chloride density gradient sepa-
ration and titred as previously described [31]. Viral stocks
were found to be free of replication-competent adenovirus
using a supernatant rescue assay using Hel.a cells able to
detect 1 replication-competent virus within 10° recombinant
viruses [31]. A multiplicity of 30 infectious units per cell led
to 100% of cells expressing m5T4 or h5T4 or GFP at 48 hours
as assessed by FACS and when other biological assessments
were made. Several putative specific shRNA plasmids against
h5T4 and encoding EGFP (Superarray Biotech) were trans-
fected (by calcium phosphate) into SKOV3 ovarian carci-
noma cells. After 3 days, GFP positive cells were FACS
sorted and assessed for 5T4 expression and chemotaxis to
CXCL12.

Analysis of Paediatric Acute Leukaemia Samples Diag-
nostic bone marrow from children with acute leukaemia was
obtained and processed as described previously [35, 36].
Sample hybridization was performed using the Human
Genome U133 GeneChip set (Affymetrix, n=156) and super-
vised gene expression analysis was carried out using the
GeneSpring platform (Agilent Technologies UK Ltd) [35,
36]. For validation of 5T4 expression using the quantitative
polymerase chain reaction (n=15), 0.5 pg of total RNA
(amount of RNA confirmed to be both within the range of the
linearity and the efficiency of the reaction) was reverse tran-
scribed (Promega) as above with $-2-microglobulin and
GAPDH as internal reference controls. We evaluated 5T4
specific FACS or immunofluorescence labelling of cytospins
in a pilot study. The nine patients analysed for expression of
5T4 came from diagnostic material obtained from partici-
pants in a phase II study. These are multiply treated patients
most with more than one relapse.

None of these patients had CNS disease as this was an
exclusion criteria.

Statistical Analysis

Quoted errors refer to standard errors of the mean. Statis-
tical significance was calculated by either two-tailed unpaired
Student’s t-test, ANOVA, or non-parametric linear regression
(Kendall correlation) test as appropriate.

Sequence and Sequence Alignments

Amino acid sequences were derived from the NCBI data-
base as referenced herein. Sequence alignments were per-
formed using the general purpose multiple sequence align-
ment program ClustalW2 (EMBL-EBI) and were edited
using GeneDoc, a multiple sequence alignment editor, analy-
ser and shading utility for Windows (NRBSC).

RT-PCR: Isolation hPL5 cDNA

To generate cDNA, 2 ug of total RNA was subjected to
reverse transcription with the use of M-MLV reverse tran-
scriptase (#M170A), dNTPs (#U1201, #U1211, #U1221,
#U1231), RNase inhibitors (#N2511) and oligo(dT), 5 primer
(#C1101), all from Promega, strictly following manufactur-
er’s protocol. Negative samples contained no enzyme.

1 pL of the prepared cDNA was subjected to each PCR
reaction, using the following program: 94° C. for 5 minutes,
series of cycles of: 94° C., 60° C., 72° C. for 305, 30 s, 1
minute, respectively, 72° C. for 5 minutes. The number of
cycles was 40 for all reactions, except for EEF2 gene with
c¢DNA as template. For EEF2 amplification Taq polymerase
was used (#11146173001), and for the GC-rich paralogue
sequence was amplified with the use of GC-rich PCR system
(#12140306001), both from Roche. Primers were as follows:
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Primer sequence (5'-3')

EEF2-F CAT GGA GCC CAT CTA (SEQ ID NO: 13)
CCT TGT G

EEF2-R GCT GTT GTC GAA GGG (SEQ ID NO: 14)
GTC TCC G

5T4para- GCG GCT TCG CTG CGC (SEQ ID NO: 9)

TM-F GGA C

5T4para- ATC TGG TCC CGG CAC (SEQ ID NO: 10)

TM-R GCC TCG

Expression and Analysis of a Fusion Protein of Either
Human or Murine PL5 with Myc-Tag

HEK 293 cells were transfected (by calcium phosphate)
with the pPCMV mammalian expression vectors encoding a
fusion protein of either human or murine PL5 with myc-tag
located directly downstream of the predicted signal peptide.
Three days post transfection cells were processed for immu-
nocytochemistry as previous described and immunostained
with Alexa Fluor® 488-labelled mouse anti-myc antibody
(Millipore).

Example 1

Differentiating mES Cells Show 5T4-Dependent
CXCL12 Chemotaxis

A comparative microarray of undifferentiated (5T4 —ve)
and early differentiating (5T4 +ve) mES cells identified a
significant downregulation of CD26, upregulation of
CXCL12 butno change in the CXCR4 transcripts [30]. These
data were confirmed by qPCR (FIG. 1A) and FACS analysis
showed that as the ES cells differentiate cell surface expres-
sion of CD26 decreases while 5T4 increases; by contrast the
pluripotent ES marker SSEA-1 did not significantly change
over this time (FIG. 1B). The adherent cells were harvested
for FACS analysis using trypsin-EDTA and CXCR4 is trypsin
sensitive so its cell surface expression could not be accessed
by this method. Western blot analysis shows there is no
change in the total CXCR4 expression upon differentiation of
either WT or 5T4KO ES cells (FIG. 1C). Increased CXCL12
was detected in the culture medium by ELISA after 3 days of
differentiation (74+4 vs 180x9 pg/ml) (FIG. 1D). To examine
biological response to CXCL12, WT-ES and ST4KO ES cells
were tested for CXCL12 chemotaxis before and after differ-
entiation. Both WT-ES and 5T4KO undifferentiated ES cells
showed no chemotaxis towards CXCL12. In contrast differ-
entiating WT-ES showed a >2-fold response but the differen-
tiating 5ST4KO ES did not (FIG. 1E); the latter cells can
undergo EMT although their motility is reduced [16]. This
was not simply a result of delayed kinetics in response since
daily testing for up 6 days still provided no evidence for
CXCL12 dependent chemotaxis (FIG. 1F). The differentiated
WT-ES cell chemotaxis to CXCL12 was blocked by specific
antibodies to the chemokine (FIG. 1G) or by blocking the
CXCRA4 receptor with the inhibitor AMD3100 (FIG. 1H). The
lack of chemotaxis of differentiating ST4KO ES cells was not
the result of continued CD26 activity destroying CXCL12,
since preincubation with the competitive CD26 inhibitor
diprotin A did not restore chemotactic behaviour (FIG. 11). To
test whether 5T4 might play a role in CXCL12 dependent
chemotaxis, undifferentiated and differentiating ST4KO ES
cells were infected with RAd-m5T4 or RAd-GFP control
virus. FIG. 2A shows no change in chemotaxis of either WT
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or 5T4KO undifferentiated ES infected with the different
vectors. FIG. 2 B shows that expression of m5T4 in differen-
tiating 5ST4KO ES cells restores CXCL12 chemotaxis com-
parable to that of differentiating WT-ES cells. A recombinant

adenovirus encoding human 5T4 also restored chemotaxis
(FIG.20).

Example 2

Cellular Location of CXCR4 in Differentiating ES
Cells

Following LIF withdrawal, both WT and 5T4KO ES cells
undergo an EMT with cells eventually becoming dispersed
with an arborized morphology. The expression and cellular
localization of 5T4 and CXCR4 molecules before and after
differentiation was determined by immunofluorescence of
fixed cells grown on glass plates (FIG. 3A). Undifferentiated
WT-ES cells are 5T4-negative with CXCR4 expression low
and intracellular; following differentiation both molecules
can be detected at the cell surface with some areas of co-
localization. By contrast, differentiated 5T4KO ES cells
show only intracellular CXCR4 expression. It is apparent that
at least some 5T4 and CXCR4 molecules co-localize to lipid
rafts in differentiating WT but not 5T4KO differentiating ES
cells where CXCR4 remains intracellular. However, when
differentiating ST4KO ES cells are infected with RAd-m5T4,
CXCR4 can be detected at the cell surface co-localized with
5T4 molecules (FIG. 3B). RAd-m5T4 infected undifferenti-
ated ES cells show only limited CXCR4 and 5T4 surface
expression in a few outer cells of undifferentiated ES colo-
nies. These are most likely spontaneously differentiating cells
suggesting that differentiation is a necessary cofactor for
coexpression of CXCR4 and 5T4 at the cell surface. In dif-
ferentiating ST4KO ES cells, CXCR4 accumulated in the
Golgi and to a lesser extent in smooth endoplasmic reticulum
(FIG. 3C). These data are consistent with 5T4 molecules
being necessary for the surface expression of the CXCR4
receptor and chemotaxis to CXCL12 in differentiating ES
cells.

Example 3

Role of 5T4 Expression in the CXCL12/CXCR4
Axis in Mouse Embryo Fibroblasts

A 5T4 dependency for CXCR4-mediated chemotaxis is
also apparent in MEFs as shown by: (1) a 5T4 gene dose
influence on CXCL12 chemotaxis in WT, heterozygote and
KO MEFS (FIG. 3a); (2) the restoration of the chemotactic
response of 5T4 null MEF by RAd-m5T4 (FIG. 36); and (3)
the co-localization of some CXCR4 molecules with typical
punctuate 5T4 cell surface expression in WT MEFs while
5T4 null MEFs show only intracellular CXCR4 (FIG. 3¢) that
can be rescued at the cell surface by RAd-m5T4 (FIG. 34).

We next examined the role of 5T4 in the CXCL12/CXCR4
axis by analyzing CXCL12-induced activation of key intrac-
ellular signalling effectors ERK and AKT in both WT and
5T4 null MEFs (FIG. 3¢). These data demonstrate that in WT
MEFs classical signal transduction pathways for the
CXCL12/CXCR4 axis are active but in the absence of 5T4
both ERK and AKT pathways are disrupted and the phospho-
rylation status of these effectors is no longer responsive to
CXCL12.
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Example 4

The Transmembrane Domain of 5T4 is Necessary
for CXCR4 Cell Surface Expression

In the embryonic cells investigated it appears that cell
surface expression of, and chemotactic response through,
CXCR4 can be regulated by 5T4 expression. A series of
murine 5T4 gene constructs were designed and cloned into a
retrovirus (also encoding eGFP as a reporter gene) to examine
the role of the extracellular, transmembrane and cytoplasmic
domains of 5T4 molecules and the cell surface expression of
CXCR4. 5T4 null MEFs were infected with the retroviral
constructs and cells were examined for both eGFP expression
and CXCR4 localization by immunofluorescence (FIG. 6).
5T4 null fibroblasts (controls, FIG. 6A, panel i-iv); and
infected with retroviruses encoding 5T4 full length (FIG. 4a,
panels v-viii) showed surface expression of CXCR4. How-
ever, the 5T4 extracellular domain was insufficient (FIG. 6A,
panels ix-xii) and the cytoplasmic domain unnecessary (FI1G.
6A, panels xiii-xvi) for CXCR4 expression on the cell sur-
face. To test whether the 5T4 transmembrane Domain™ was
necessary and sufficient for cell surface CXCR4 expression,
chimeric constructs of mouse 5T4/CD44 molecules with
reciprocally exchanged TM and cytoplasmic domains were
engineered. 5ST4KO MEFs constitutively express mCD44
with no effect on surface CXCR4 expression. Importantly,
cells infected with the retrovirus encoding the 5T4 extracel-
Iular domain fused to the transmembrane and cytoplasmic
region of CD44 exhibited no cell surface expression of
CXCR4 (FIG. 6A, panels xvii-xx), whereas the reciprocal
construct did promote cell surface expression of CXCR4
(FIG. 6A, panels xxi-xxiv). Similar results were obtained
with transfection of the plasmid constructs. These data sug-
gest that the 5T4 transmembrane region is critical for either
the transport and/or the stabilization of CXCR4 at the cell
surface. Importantly the data shown in FIG. 6B illustrate that
the chemotactic response is congruent with the ability of the
constructs to promote cell surface expression of CXCR4.

Example 4A

Effects of Cytoskeleton, Microtubule and Golgi
Disruption on the Co-Localization Pattern of 5T4
and CXCR4

Primary murine embryonic fibroblasts were assessed for
their pattern of 5T4 and CXCR4 expression by immunofluo-
rescence following disruption of the cytoskeleton, Golgi or
microtubules for 24 hours with cytochalasin D, brefeldin A or
nocodazole respectively. Cytoskeleton, Golgi and microtu-
bule disruption was determined by immunofluorescence with
AlexaFluor 633 conjugated phalloidin, BODIPY labeled
NBD C6 ceramide and anti-tubulin antibodies respectively.
Untreated primary murine embryonic fibroblasts exhibit cell
surface expression of both 5T4 and CXCR4 with consider-
able colocalisation (FIG. 7). After cytochalasin treatment,
there were no detectable differences in the cell surface
expression or colocalisation of 5T4 and CXCR4 in compari-
son to untreated controls. Brefeldin A reduced levels of cell
surface expression of both antigens and all residual CXCR4
or 5T4 labeling was colocalized at cell surface. One hour after
brefeldin A washout, cell surface expression of both antigens
had returned to normal levels with marked cell surface colo-
calisation. Following nocodazole treatment there was no cell
surface detection of CXCR4 but accumulation intracelluarly
while 5T4 remained detectable at the cell surface albeit at a
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diminished level. One hour after nocodazole washout both
antigens were detectable at the cell surface with marked colo-
calisation. Clearly plasma membrane detection of co-local-
ized 5T4/CXCR4 molecules is dependent on microtubules
and the molecules are not obligatorily associated at the Golgi.
Disruption of the Golgi or the actin cytoskeleton per se does
not disrupt all 5T4/CXCR4 co-localization at the plasma
membrane.

Example 4B

Inhibition of Chemotaxis by Monoclonal Antibodies
Recognizing 5T4

We assessed four different monoclonal antibodies recog-
nizing distinct epitopes in the proximal and distal LRR
domains of m5T4 (FIG. 8). Each antibody showed different
affinities in a m5T4 specific ELISA [27] decreasing in the
order B3F1, P1C9, B5SC9 and B1C3. The chemotactic migra-
tion exhibited by differentiating WT-ES cells towards
CXCL12 was abolished in the presence of mAb B1C3 but not
P1C9 while B3F1 and BSC9 showed less but still significant
inhibition of the chemotactic response. Similar results were
exhibited by primary WT mouse embryo fibroblasts. Thus the
chemotactic response of both differentiated ES cells and
MEF can be blocked by some but not all antibodies recogniz-
ing distinct parts or epitopes of m5T4 molecules. These data
suggest that 5T4 contributes to functional integrity of the
CXCRA4 receptor expression at the cell surface. Mechanisms
could include modulation of 5T4 molecules from the cell
surface, and/or allosteric effects on CXCR4 ligand binding
and/or direct blocking of ligand binding

Example 5

Expression and Molecular Interaction of CXCR4 and
5T4 Molecules in Human Tumour Cells

We next investigated the relationship between expression
of 5T4, CXCR4 and chemotaxis in human tumour cell lines.
The breast cancer cell lines MCF-7 and MDA-MB-231, and a
choriocarcinoma cell line, JEG-3, exhibited CXCL12-medi-
ated chemotaxis. All the lines showed cell surface expression
of 5T4 and CXCR4 but only the JEG-3 cells showed high
levels of CD26 (FIG. 9A) and in JEG-3, chemotaxis was only
evident in the presence of the specific CD26 inhibitor (FIG.
9B).

Unreduced solubilised membrane fractions from these cell
lines were subject to PAGE and Western blotted with 5T4 and
CXCRA4 specific antibodies. FIG. 9C shows that in addition to
the expected molecular weights of 5T4 (72-80 kDa) and
CXCR4 (46 kDa) a “complex” of approximately 130kDa was
detected with either antibody probe. When membrane pro-
teins were solubilised with RIPA buffer the complex was no
longer detectable (not shown). To further investigate possible
physical interaction of 5T4 and CXCR4, solubilised mem-
branes were subject to pull down with antibodies against 5T4
or CXCR4 followed by native-PAGE and immunodetection
with anti-CXCR4 or anti-5T4 respectively. For the anti-5T4
and CXCR4 pull downs but not the controls, anti-CXCR4 or
anti-5T4 probes detected molecules migrating with an appar-
ent molecular weight of =130 kDa from each of the tumour
lines (FIG. 9D). Under reducing conditions, the epitope rec-
ognized by 5T4 antibodies is destroyed but CXCR4 at 46 kDa
is detectable on the reduced gels of the 5T4 pulldown (not
shown). These data suggest the existence of a complex
between 5T4 and CXCR4 molecules in the membrane of
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human tumour cells which can survive non-ionic detergent
solubilisation. These interactions appear to be necessary fora
functional response to the chemokine CXCL12 at least in
some cell types. FIG. 10 shows expression of 5T4, CXCR4
and chemotaxis in human ovarian carcinoma cell lines
SKOV3, CAOV3, OVCAR3 and PA1. All the lines showed
cell surface expression of 5T4 and CXCR4 with colocaliza-
tion (FIG. 10A). Unreduced solubilised membrane fractions
from these cell lines were subject to PAGE and Western
blotted with 5T4 and CXCR4 specific antibodies FIG. 10B
shows that in addition to the expected molecular weights of
5T4 (72-80 kDa) and CXCR4 (46 kDa) a “complex” of
approximately 130 kDa was detected with either antibody
probe (FIG. 10B). SKOV3 and CAOV showed significant
CXCL12 chemotaxis which was further enhanced in the pres-
ence of the inhibitor of CD26; chemotaxis was less marked in
OVCAR3 and PA1 cells (FIG. 10C). The level of chemotaxis
is correlated to the intensity of cell surface colocalized 5T4/
CXCR4 expression. Indeed, SKOV3 cells transfected with a
5T4 specific but not control shRNA exhibited downregulation
of cell surface expression of 5T4 (FIG. 11A) and no chemo-
taxis towards CXCL12, (FIG. 11B).

Without wishing to be bound by any theory, it is presently
believed that it is possible that there are additional molecules
with related or unrelated mechanisms which can allow func-
tional CXCR4 chemokine receptor expression.

Example 6
5T4 and CXCR4 Expression in Human B-ALL

CXCR4 is expressed by most leukemic cells of B-cell
origin and a functional CXCR4 receptor appears to be critical
for homing of pre-B acute lymphoblastic cells to the marrow
niche [37]. 5T4, on the other hand, is not thought to be
expressed by hematopoietic cells [2]. Our results indicate a
functional synergy between 5T4 and CXCR4. We therefore
looked for a correlation between 5T4 and CXCR4 expression
in patients with pre-B ALL by interrogating data obtained
from previous global gene expression profiling [35, 36].

As shown in FIG. 12A, 5T4 but not CXCR4 transcription is
significantly higher in high risk cytogenetic subtypes of pre-B
ALL. It is these high risk patients who have a greater risk of
therapeutic failure and often have disease in extramedullary
sites which express CXCL12. The quantitative microarray
results were validated by qPCR with RNA isolated from 15
available patients (range 1.0-9.7, median 3.4) (FIG. 12B).
Significant correlation of the two measures was confirmed by
Kendall’s rank correlation analysis (tau b=0.785, P<0.0001).

We next screened five pre-B ALL cell lines SD1, REH,
SupB15, Tom-1 and Nalm-6 for CXCR4 and 5T4 expression
using FACS. SD1, SupB15 and Tom-1 are examples of high
risk cytogenetic subtypes as they have a Philadelphia trans-
location (Ph+). REH is an example of a low risk cytogenetic
subtype as it contains a TEL-AML1 fusion. Nalm-6 has an
unusual translocation of unknown risk. While all cell lines
were positive for CXCR4, only SupB15 and Tom-1 cells
co-expressed 5T4 (sub-population) (FIG. 12C). The levels of
5T4 expression appears to vary with culture condition but
Tom-1 are 100% positive while SupB15 generally show a
subpopulation of antigen positive cells. 5T4 immunofluores-
cence labelling of cells analysed as cytospins showed no
specific labelling of either SD1, Nalm-1 (not shown) or REH
cells (FIG. 12D), a subpopulation of SupB15cells (FIG. 12D)
and all Tom-1 cells (not shown). Unreduced solubilised mem-
brane proteins from SupB15 were separated by PAGE and
probed for 5T4 and CXCR4 expression. In addition to
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CXCR4 and 5T4 specific bands detected with the specific
probes, an =130 kDa band was seen with both reagents con-
sistent with the presence of a complex between the molecules
(FIG.12E); RIPA bufter solubilised membranes did not allow
detection of the complex, only the individual molecules (not
shown).

We evaluated 5T4 specific FACS or immunofluorescence
labelling of cytospins in a pilot study. The nine patients analy-
sed for expression of 5T4 came from diagnostic material
obtained from participants in a phase II study. These are
multiply treated patients most with more than one relapse.
None of these patients had CNS disease as this was an exclu-
sion criteria. This population was chosen as a first step in
validation of the assay in human cells. FIGS. 13A and B
illustrates the potential to phenotype 5T4 expression on the
surface of lymphoblasts by FACS and/or using immunofluo-
rescent labelling of cytospins.

These findings suggest a role for 5T4 in chemotaxis of
leukaemic cells. 5T4/CXCR4 positive pre B-ALL cells of
high risk cytogenetic type may have enhanced ability to home
to extramedullary compartments producing CXCL12.

Example 7

Cellular Location of CXCRG6 in Differentiating ES
Cells

Following LIF withdrawal WT ES cells undergo an EMT
with cells eventually becoming dispersed with an arborized
morphology. The expression and cellular localization of 5T4
and CXCR6 molecules before and after differentiation was
determined by immunofluorescence of fixed cells grown on
glass plates (FIG. 10A). Undifferentiated WT-ES cells are
5T4-negative with CXCRG6 expression low and intracellular;
following differentiation both molecules can be detected at
the cell surface with some areas of co-localisation.

This phenomenon was also evident in WT murine embry-
onic fibroblasts with co-localisation of 5T4 and CXCR6 on
the cell surface. By contrast, ST4KO MEFs cells show only
intracellular CXCR6 expression.

We next investigated the relationship between expression
of 5T4, and CXCR6 in human tumour cell lines. The breast
cancer cell line MCF-7, and a choriocarcinoma cell line,
JEG-3. Both lines showed cell surface expression of 5T4 and
CXCR6 (FIG. 14A). Analysis of cell surface expression of
CXCR6 by flow cytometry confirmed results obtained by
immunocytochemistry with no evidence of CXCR6 cell sur-
face expression on ST4KO MEFs (FIG. 14B).

To examine whether cell surface expression of CXCR6
was biologically functional, differentiated WT ES cells were
placed on a chemotactic gradient either towards the chemok-
ine CXCL12 (as a positive control) or CXCL16. WT ES cells
exhibited an approximately 2-fold increase in chemotaxis
towards CXCL16 (FIG. 14C).

Example 7A

5T4 is not Required for Chemotactic Response to
CXCL10 nor CXCR3 Surface Expression on ES
Cells

In contrast to CXCR4 and CXCR6, CXCR3 expression
and its response to the chemokine CXCIL 10 does not require
5T4 expression. Thus, cell surface expression of CXCR3 is
evident in both WT and KO undifferentiated ES cells (FIG.
15A). However chemotactic response to CXCL. 10 is not seen
inundifferentiated WT and 5T4KO ES cells butis apparent in
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differentiating WT and 5T4KO ES cells (FIG. 15B). Further
analysis of undifferentiated ES cells treated with the inhibitor
Diprotin A (10 uM) suggests that lack of response in undif-
ferentiated ES cells is due to CD26 activity (FIG. 15C).
Treatment of both WT and KO differentiating ES cells with
the inhibitor pertussis toxin (10 ng/ml) shows that Gi protein-
chemokine interaction occurs irrespective of 5T4 expression
at the cell surface allowing CXCL 10 chemotaxis.

Example 7B
5T4 is not Required for CXCR7 Surface Expression

The data FIG. 16 establish that 5T4 is not required for
CXCR?7 surface expression. Western blot analysis of PAGE
separated reduced primary murine embryonic fibroblast
membrane lysates probed with CXCR7 antibodies identified
a 42 kDa band in 5T4KO but not WT cells. Immunofluoroes-
cence detection of CXCR7 showed cell surface expression of
CXCR7 evident on KO and not WT fibroblasts. Cell surface
expression of CXCR?7 is high in undifferentiated ES cells
(either WT or ST4KO). In 3 day differentiating WT-ES cells,
CXCR?7 is relatively downregulated from the cell surface
whereas in differentiating ST4KO ES surface CXCR7 is
retained. The patterns of CXCR4 and CXCR?7 cell surface
expression appear to be reciprocal in the ovarian cell lines
SKOV3,CAOV3, OVCAR3 and PA1; increased CXCR7 cor-
relating with decreased chemotaxis to CXCL12 (see FIG.
100).

Example 8
Identification of Human and Murine 5T4 Paralogues

Seventeen ESTs have been described for a putative 5T4
paralogue in humans from mixed, brain, eye, pancreas
uncharacterized tissue, skin, liver and pineal gland cDNAs. In
the mouse twenty ESTs have been discovered in mixed, eye,
embryonic tissue, mammary gland, brain, liver, inner ear and
uncharacterized tissue.

Furthermore, in the mouse, two mRNA sequences have
been isolated from adult male olfactory brain cDNA and 16
days embryo head cDNA. RT-PCR experiments were per-
formed with primers designed outside the transmembrane
region of a putative human 5T4 paralogue. A specific product
was detected in cDNA generated from the SHSY-5Y neuro-
blastoma cell line (FIG. 29A. The obtained product was
cloned into a plasmid and sequenced. The resulting sequence
was aligned using BLAST with the human transcript database
and the returned sequence was that of the 5T4 paralogue (see
FIG. 29B).

RT-PCR for the constitutive gene EEF2 proved that the
c¢DNA was not contaminated with genomic DNA (see FIG.
29C). These results indicate that the putative 5T4 paralogueis
conserved across species and shares a 19/21 amino acid iden-
tity with 5T4 within the transmembrane region. Expressed
sequence tags (ESTs) of this gene have been identified prov-
ing that this area of the genome is transcribed, although
reported human ESTs align only with genomic sequences
coding for extracellular or intracellular regions of the paral-
ogue. However, by using RT-PCR with primers designed
outside the transmembrane region of the putative 5T4 paral-
ogue we detected a specific product in cDNA generated from
the SHSY-5Y neuroblastoma cell line to confirm that this area
of the gene is transcribed.

FIG. 20 shows that the human paralogue is translated from
an alternative initiation site. Both this human protein and the
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mouse 5T4 paralogue (with N-terminal myc tagging) are
expressed at the plasma membrane in transfected HEK 293
cells.

Discussion

In this study, we have demonstrated that 5T4 glycoprotein
can play a critical role in the chemotactic behaviour of embry-
onic and malignant cells in response to the chemokine
CXCL12. We first showed that during ES cell differentiation,
increased surface expression of 5T4 and CXCL12 production
was accompanied by decreased membrane expression of the
CXCL12 regulatory protease CD26. Total cell levels of
CXCR4 were unchanged. Studies with 5T4 null and WT ES
and MEFs established that 5T4 molecules are required for
cell surface expression and intracellular signalling of the
CXCL12 receptor CXCR4. Importantly, chemotaxis in
response to CXCL12 is disrupted in the absence of 5T4. We
also showed that 5T4 molecules bind directly and tightly to
CXCR4 to facilitate trafficking to and/or retention of the
receptor complex at the cell surface. The transmembrane
region of 5T4 is critical for binding to CXCR4 and was
sufficient in the context of CD44 molecules to allow func-
tional surface CXCR4 expression and chemotaxis after intro-
duction to 5T4 null cells. We studied the eftects of cytoskel-
eton, microtubule and Golgi disruption on the co-localization
pattern of 5T4 and CXCR4. Clearly plasma membrane detec-
tion of co-localized 5T4/CXCR4 molecules is dependent on
microtubules and the molecules are not obligatorily associ-
ated at the Golgi. Disruption of the Golgi or the actin cytosk-
eleton per se does not disrupt all 5T4/CXCR4 co-localization
atthe plasma membrane. It is not clear whether the membrane
interaction of CXCR4 and 5T4 molecules also induces con-
formational changes in the receptor to govern responsiveness
to ligand.

Importantly, the chemotactic response of both differenti-
ated ES cells and MEF can be blocked by some but not all
antibodies recognizing distinct parts or epitopes of m5T4
molecules. These data suggest that 5T4 contributes to func-
tional integrity of the CXCR4 receptor expression at the cell
surface. Mechanisms could include modulation of 5T4 mol-
ecules from the cell surface, and/or allosteric effects on
CXCR4 ligand binding and/or direct blocking of ligand bind-
ing. It is possible that additional molecules may be a compo-
nent part of a “functional” complex. Indeed, 5T4 molecules
influence aspects of cytoskeletal organization including
through the cytoplasmic domain [3-5] and these may be an
integrated component of chemotactic response/motility.

The present inventors have considered how 5T4 may inter-
act with CXCR4. The 5T4 gene is highly conserved across
different vertebrate species and the TM region is completely
conserved (FIG. 17A). This explains why the h5T4 and m5T4
genes could equally restore CXCR4 cell surface expression in
5T4 null cells. Chemokine receptors, G-protein-coupled
seven TM spanning proteins, are also highly conserved in
evolution [38], with the hydrophobic amino acids of TM
domains forming o-helical structures which anchor the
receptors in the membrane [39]. Distinct binding sites within
the CXCR4 transmembrane domain for CXCL12 and HIV-1
have been described [40] and the receptor can also be func-
tionally regulated by intramembraneous interaction with
other molecules [41]. Without wishing to be bound by any
theory, the present inventors consider that the 5T4 transmem-
brane region specifically recognizes intramembrane residues
of CXCR4. While the sequence variation across the extracel-
Iular chemokine receptor domains may provide for ligand
specificity, mechanisms of transmembrane domain interac-
tion with 5T4 molecules may be shared with other receptors
in the CXC family such as CXCR6 but not CXCR3 or
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CXCRY7. Interestingly, the LRR-containing protein LRRC4
has been reported to regulate both the expression and signal
conduction of the CXCR4 receptor. Introduction of LRRC4
into glioblastoma cells reduced CXCR4 expression,
CXCL12-induced ERK and AKT phosphorylation and MMP
expression [42]. Crucially, the TM regions of 5T4 and
LRRC4 are similar but contain significant differences (FIG.
17B). Itis clear that not all CXCL12/CXCR4 responsive cells
express 5T4 molecules. 5T4 cannot be an absolute require-
ment for CXCR4 activation because 5T4 knockout mice are
viable, whereas both CXCL12 and CXCR4 KOs are lethal
[43, 44]. Clearly there must be some redundancy and other
molecules must be able to regulate CXCR4 trafficking to
and/or retention at the cell surface. Since we have identified
the TM region of 5T4 as the critical domain in CXCR4
regulation, we propose that if other molecules are able to
substitute for 5T4 in this process then they are likely to have
strikingly similar TM domains. Indeed we have identified a
potential paralogue to 5T4 with an almost identical TM
domain which is highly conserved across species (see
Example 8 and FIGS. 18-29 herein). In particular FIG. 20
presents the data supporting the correct start site of the human
5T4 paralogue protein (PLS5) and its TM alignment with the
human 5T4 TM is shown in FIG. 17B.

Alternatively there is mounting evidence that chemokine
receptors are able to form discrete functional units via het-
erodimerisation with other G-protein coupled receptors. In
the case of CXCR4, heterodimerisation with the chemokine
receptor CXCR7, which interestingly binds the same ligand
CXCL12, can alter both the kinetics and the dynamics of
CXCR4 responsiveness to CXCL12 [64]. It is noteworthy
that there is an apparent reciprocity between the expression of
5T4 and CXCR7 in our embryonic tissues however even if
CXCR7 does modulate CXCR4 function in these cells it is not
sufficient to recover a chemotactic response. Itis conceivable
however that the functional consequence of CXCR4 activa-
tion can be altered by the presence of CXCR7 to promote cell
growth/proliferation rather than chemotaxis as a result of
changes in the kinetics of CXCR4 signal transduction that
could lead to the activation of alternative intracellular signal-
ing pathways.

CXCL12 is a homeostatic chemokine and exceptional
angiogenic member of the ELR-CXC sub group and binds to
the widely expressed CXCR4 (exclusively) and, as recently
reported, the more restricted CXCR?7 (also binds CXCL11)
[24]. CXCL12 through CXCR4 regulates cardiac and neu-
ronal development, stem cell motility, neovascularisation and
tumourigenesis [21]. Besides acting as a cofactor for HIV,
CXCR4 mediates the CXCL12-directed migration of cancer
cells to metastatic sites through the promotion of angiogen-
esis and migration of tumour cells in breast, lung, ovarian,
renal, prostate and neuroblastoma [20-22]. It is significant
that all these tumour types are known to express the 5T4
glycoprotein [2, 9, 45]. Importantly, these CXCR4-positive
tumours preferentially spread to tissues with high levels of
CXCL12 such as lung, liver, lymph nodes, brain and bone
marrow which are key metastatic sites [20-22]. In addition,
the stromal environment (often 5T4 positive [2, 7, 8]) can
have a tumour-imprinted promotional influence [46]; and
chemokines can sometimes induce proliferation rather than
chemotaxis enhancing tumourigenesis [24, 47]. In childhood
ALL, extramedullary disease is rare at initial diagnosis (<2%)
but is observed in a third of the 20% who relapse. High-risk
cytogenetic subtypes such as Ph+ ALL not only have a higher
relapse rate but also are more likely to relapse in extramed-
ullary sites such as the CNS. This difference in disease pat-
terns suggests that subgroups of leukemic cells with the abil-
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ity to migrate to extramedullary sites are either more resistant

to or protected against chemotherapy and give rise to disease

recurrence. A number of tissues and in particular the blood-
brain barrier express CXCL12 and ALL express CXCR4

[48]. We show here that a subset of pre-B ALL (=50% ot high

risk) patients have high levels of 5T4 transcripts. The

Ph+SupB15 and Tom-1 cell lines express 5T4 detectable at

the cells surface by FACS or in cytospins and a pilot study of

diagnostic material obtained from B-ALL patients in a phase

II study showed these assays capable of 5T4 phenotyping

biopsies. These results are compatible with the migration of

leukemic cells to the CNS and invading across the blood brain
barrier giving rise to extramedullary disease. Incidentally,

CXCL12 is also critical for the normal development and

homeostasis of the CNS [49] and notably 5T4 null mice have

defective organization of their adult CNS. A drawback of the
management of B-ALL hitherto has been that it has not been
possible to identify those B-ALL patients who will develop
extramedullary disease, and the outcome for these patients is
poor. It is presently believed that 5T4 may be a predictive
biomarker of extramedullary relapse and thus for therapeutic
failure. Moreover, targeting the interaction of 5T4 with

CXCR4 could inhibit the migration/invasion of leukemic

cells preventing disease recurrence and improving overall

outcome. For some types of B-ALL, the use of 5T4 directed

superantigen therapy may be considered [50].

The regulation of CXCR4 surface expression by 5T4 mol-
ecules may provide a new way to control response to the
chemokine CXCL12 in normal circumstances but could be
selected to advantage the spread of a tumour from its primary
site. If the latter events are preferentially and constitutively
expressed properties of tumours then targeting the CXCR4/
5T4 complex might offer new opportunities for therapeutic
intervention.

All references cited herein are incorporated herein by ref-
erence in their entirety and for all purposes to the same extent
as if each individual publication or patent or patent applica-
tion was specifically and individually indicated to be incor-
porated by reference in its entirety. The specific embodiments
described herein are offered by way of example, not by way of
limitation. Any sub-titles herein are included for convenience
only, and are not to be construed as limiting the disclosure in
any way
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 32
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

<400> SEQUENCE: 1

agctettegyg taccctegte

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

<400> SEQUENCE: 2

gttgcggtte acgcactta

<210> SEQ ID NO 3

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

20

19
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<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 3

ggcaatttgt aaaaatggga tt

<210> SEQ ID NO 4

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 4

aggttacata ccctecatat gacc

<210> SEQ ID NO 5

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 5

tccaaattce ccagcaga

<210> SEQ ID NO 6

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 6

ctgaacccat cgetgettag ac

<210> SEQ ID NO 7

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 7

caggacctgt ggccaagtte tt

<210> SEQ ID NO 8

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 8

agctgaggat cacggctage tt

<210> SEQ ID NO 9

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 9

geggettege tgegeggac

22

24

18

22

22

22

19
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-continued

<210> SEQ ID NO 10

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 10

atctggtcece ggcacgcecte g 21

<210> SEQ ID NO 11

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 11

aatggcaccce tggctgagtt g 21

<210> SEQ ID NO 12

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 12

tctggggtcece gcattgattt ¢ 21

<210> SEQ ID NO 13

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 13

catggagccce atctaccttg tg 22

<210> SEQ ID NO 14

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 14

gctgttgteg aaggggtcte cg 22

<210> SEQ ID NO 15

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 5T4 Transmembrane Domain

<400> SEQUENCE: 15

Tyr Val Phe Leu Gly Ile Val Leu Ala Leu Ile Gly Ala Ile Phe Leu
1 5 10 15

Leu Val Leu Tyr Leu
20

<210> SEQ ID NO 16

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Transmembrane Domain

<400> SEQUENCE: 16

Tyr Val Phe Phe Gly Leu Val Leu Ala Leu Ile Gly Leu Ile Phe Leu

1

5

Met Val Leu Tyr Leu

20

<210> SEQ ID NO 17
<211> LENGTH: 21

<212> TYPE:

PRT

10

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Transmembrane Domain

<400> SEQUENCE: 17

15

Ile Ile Ile Gly Cys Phe Val Ala Val Thr Leu Leu Ala Ala Ala Met

1

5

Leu Ile Val Phe Tyr

20

<210> SEQ ID NO 18
<211> LENGTH: 1822

<212> TYPE:

DNA

<213> ORGANISM: Homo Sapiens

<400> SEQUENCE: 18

atgagtaact

gtcectececa

ggcccegece

dgaggaggag

dgcgggggcy

ctecccacccece

gaccgggagy

cegeggaage

cegtetgace

agacagcgaa

gtgccecccca

dggggeggcec

dgcggeggcy

ccccaagetyg

geegeccgac

cgeettegee

gagcgegetg

getgeccage

cgectteage

cggecccgeg

getgggecta

cctggageag

cgcgetggag

ttctecagece

acccccgaat

cacacgtgcet

gaaaaccaag

gagaggatga

gecteccacy

¢ggggagggy

c¢ggaggccgyg

cctettgece

cggaccgace

ccaggegete

gegatggece

ctgagccage

ctgetgeget

gegegcaace

dgcggggacy

cgccteacge

ctggcggcgc

gggctgcccg

ctgetggecyg

gcgggcaacg

ctggacgtge

cgcgatggcg

accccteatce

tctecectggt

dgagaaggag

tcggagecte

agagaaagcg

dcgaggaggy

ggaggcaaac

cgcgcagggc

ceggecagte

gggactgcca

ccaactcact

¢gegegeggy

cegeggeaca

gegegteggyg

tcaccategt

dggacggcega

acaaccacat

tcgaccteag

cgectgegete

cgctggacge

cgctgagecyg

gectcaacge

gecteccegy

10

ccttecteey

ggtgacccac

daggaaggac

caggagccaa

cagcagccga

cgcggagact

cctgeccact

gagggcaccg

agccagtaag

geegeteegyg

ggtgagcgeg

acagccgggyg

ctgecectte

agccgagete

aggcgccaac

ccaggcggceyg

cgaggtggtg

ccacaacccg

getgecagete

tgcgctggea

tctgcegeca

gCtggCngC

geegegecty

gtagtaggag
ctgectgete
ccagcttaaa
acttctegge
cagccctgat
cegetggggy
cggceteggag
g999¢9999g
tgcggetect
gtcaaggact
geggeccggg
ctccagggge
cagtgctact
cgccagecte
ctgacggtge
ggegtgegece
gaggacggceg
ctgegegece
aaccacgcge
cegetggecay
geegeectge
ctggacceceyg

ctgetegecey

15

cagctctaaa

tcegcagteg

tgttgggggt

agcccggagg

tctegggage

cggaggacga

cccggagcgyg

getecgetee

cagactttcg

cgccccaccce

cgectggatge

tgctgetegt

gCtthgng

cgcgggacgt

tgcgegegge

tgcecgetect

ccttegacgy

tgggcggegyg

tggtgcgegg

agcttegect

gCCtggCgCg

acgagcetgeg

acaaccccect

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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gegetgegge tgtgecgcac gecccctget ggectggetyg cgcaacgeca cggagegegt 1440
geccgacteg cggegectge getgegeege ccegegggeg ctgctagacce ggecgcetact 1500
ggacctggac ggggcegegge ttegetgege ggacagegge gecgacgete geggagagga 1560
ggcggaggcece gcecggceccgg agcectggaage ctcectacgtg ttetteggge tggtgcectgge 1620
actcatcgge ctcatcttec tcatggtgct ctacctaaac cgccgcggca tcecagegetg 1680
gatgcgcaac ctgcgcgagg cgtgceggga ccagatggag ggctaccact accgetacga 1740
gecaggacgcee gacccegegee gegegecage geccgeogaeg cocgeggget cceegegecac 1800
ctececeeggge teggggctet ga 1822
<210> SEQ ID NO 19
<211> LENGTH: 1737
<212> TYPE: DNA
<213> ORGANISM: Homo Sapiens
<400> SEQUENCE: 19
atgagtaact ttctcagece accectecate ccttecteeg gtagtaggag cagctctaaa 60
gtccteccca acccccgaat tcetecctggt ggtgacccac ctgectgete teegeagteg 120
ggcccegece cacacgtget ggagaaggag gaggaaggac ccagcttaaa tgttgggggt 180
ggaggaggag gaaaaccaag tcggagcectce caggagccaa acttctegge ageccggagg 240
ggegggggcey gagaggatga agagaaagcyg cagcagccga cagccctgat tetegggage 300
ctcecaccee gecteccacg gegaggaggg cgeggagact cegetggggg cggaggacga 360
gaccgggagyg cggggagggyg ggaggcaaac cctgcccact cggcteggag ccecggagegyg 420
cegeggaage cggaggecgg cgcgcaggac tttegagaca gegaacggac cgaccgggac 480
tgccageege tcegggtcaa ggactegece caccegtgec ceccaccagg cgetceccaac 540
tcactggtga gcgeggegge cegggegetyg gatgeggggg cggecgegat ggecccegege 600
gegggacage cggggctcca ggggetgetyg ctegtggegg cggegetgag ccagecegeg 660
gecaccetgee ccttecagtg ctactgette ggeggeccca agetgetget gegetgegeg 720
tcgggagecg agctecgeca gectecegegg gacgtgecge cegacgegeg caacctcacce 780
atcgtaggeg ccaacctgac ggtgctgege geggecgect tegecggegyg ggacggggac 840
ggcgaccagg cggcgggcegt gegectgeeg ctectgageg cgetgegect cacgcacaac 900
cacatcgagg tggtggagga cggegectte gacgggetge ccagectgge ggegetcegac 960
ctcagecaca acccgetgeg cgecctggge ggeggegect tecgeggget geccgegetg 1020
cgctegetge agetcaacca cgegetggtyg cgeggeggece cegegetget ggecgegetg 1080
gacgctgege tggcaccget ggccgagett cgectgetgg gectageggyg caacgegetg 1140
agcegtetge cgecagecge cctgegectyg gegegectgg agcagetgga cgtgegecte 1200
aacgcgetgyg ccggectgga ceccgacgag ctgegegege tggagegega tggeggecte 1260
cecegggeage gectgetget cgecgacaac ccectgeget geggetgtge cgcacgeccce 1320
ctgetggect ggctgegeaa cgecacggag cgegtgeceg actegeggeg cctgegetge 1380
gecgeccege gggegetget agaccggecyg ctactggace tggacgggge geggettege 1440
tgcgeggaca gcggegecga cgctegegga gaggaggegg aggecgeegg cccggagetg 1500
gaagcctect acgtgttctt cgggctggtg ctggcactca tceggectcat cttectceatg 1560
gtgctctace taaaccgceg cggcatccag cgctggatge gcaacctgeg cgaggegtge 1620
cgggaccaga tggagggcta ccactaccge tacgageagg acgecgacce gegecgegeg 1680
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cecegegeceg cegegeoege gggotocege gecacctece cgggeteggg getetga 1737

<210> SEQ ID NO 20

<211> LENGTH: 382

<212> TYPE: PRT

<213> ORGANISM: Homo Sapiens

<400> SEQUENCE: 20

Met Ala Pro Arg Ala Gly Gln Pro Gly Leu Gln Gly Leu Leu Leu Val
1 5 10 15

Ala Ala Ala Leu Ser Gln Pro Ala Ala Pro Cys Pro Phe Gln Cys Tyr
20 25 30

Cys Phe Gly Gly Pro Lys Leu Leu Leu Arg Cys Ala Ser Gly Ala Glu
35 40 45

Leu Arg Gln Pro Pro Arg Asp Val Pro Pro Asp Ala Arg Asn Leu Thr
Ile Val Gly Ala Asn Leu Thr Val Leu Arg Ala Ala Ala Phe Ala Gly
65 70 75 80

Gly Asp Gly Asp Gly Asp Gln Ala Ala Gly Val Arg Leu Pro Leu Leu
85 90 95

Ser Ala Leu Arg Leu Thr His Asn His Ile Glu Val Val Glu Asp Gly
100 105 110

Ala Phe Asp Gly Leu Pro Ser Leu Ala Ala Leu Asp Leu Ser His Asn
115 120 125

Pro Leu Arg Ala Leu Gly Gly Gly Ala Phe Arg Gly Leu Pro Ala Leu
130 135 140

Arg Ser Leu Gln Leu Asn His Ala Leu Val Arg Gly Gly Pro Ala Leu
145 150 155 160

Leu Ala Ala Leu Asp Ala Ala Leu Ala Pro Leu Ala Glu Leu Arg Leu
165 170 175

Leu Gly Leu Ala Gly Asn Ala Leu Ser Arg Leu Pro Pro Ala Ala Leu
180 185 190

Arg Leu Ala Arg Leu Glu Gln Leu Asp Val Arg Leu Asn Ala Leu Ala
195 200 205

Gly Leu Asp Pro Asp Glu Leu Arg Ala Leu Glu Arg Asp Gly Gly Leu
210 215 220

Pro Gly Pro Arg Leu Leu Leu Ala Asp Asn Pro Leu Arg Cys Gly Cys
225 230 235 240

Ala Ala Arg Pro Leu Leu Ala Trp Leu Arg Asn Ala Thr Glu Arg Val
245 250 255

Pro Asp Ser Arg Arg Leu Arg Cys Ala Ala Pro Arg Ala Leu Leu Asp
260 265 270

Arg Pro Leu Leu Asp Leu Asp Gly Ala Arg Leu Arg Cys Ala Asp Ser
275 280 285

Gly Ala Asp Ala Arg Gly Glu Glu Ala Glu Ala Ala Gly Pro Glu Leu
290 295 300

Glu Ala Ser Tyr Val Phe Phe Gly Leu Val Leu Ala Leu Ile Gly Leu
305 310 315 320

Ile Phe Leu Met Val Leu Tyr Leu Asn Arg Arg Gly Ile Gln Arg Trp
325 330 335

Met Arg Asn Leu Arg Glu Ala Cys Arg Asp Gln Met Glu Gly Tyr His
340 345 350

Tyr Arg Tyr Glu Gln Asp Ala Asp Pro Arg Arg Ala Pro Ala Pro Ala
355 360 365
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Ala Pro Ala Gly Ser Arg Ala Thr Ser Pro Gly Ser Gly Leu
370 375 380

<210> SEQ ID NO 21

<211> LENGTH: 10

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Kozak Sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 4

<223> OTHER INFORMATION: r = a or ¢

<400> SEQUENCE: 21

gccreccaugg 10

<210> SEQ ID NO 22

<211> LENGTH: 10

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Sequence

<400> SEQUENCE: 22

cggaaaauga 10

<210> SEQ ID NO 23

<211> LENGTH: 10

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Sequence

<400> SEQUENCE: 23

gccgecgaugyg 10
<210> SEQ ID NO 24

<211> LENGTH: 420

<212> TYPE: PRT

<213> ORGANISM: Homo Sapiens

<400> SEQUENCE: 24

Met Pro Gly Gly Cys Ser Arg Gly Pro Ala Ala Gly Asp Gly Arg Leu
1 5 10 15

Arg Leu Ala Arg Leu Ala Leu Val Leu Leu Gly Trp Val Ser Ser Ser
20 25 30

Ser Pro Thr Ser Ser Ala Ser Ser Phe Ser Ser Ser Ala Pro Phe Leu
35 40 45

Ala Ser Ala Val Ser Ala Gln Pro Pro Leu Pro Asp Gln Cys Pro Ala
50 55 60

Leu Cys Glu Cys Ser Glu Ala Ala Arg Thr Val Lys Cys Val Asn Arg
65 70 75 80

Asn Leu Thr Glu Val Pro Thr Asp Leu Pro Ala Tyr Val Arg Asn Leu
85 90 95

Phe Leu Thr Gly Asn Gln Leu Ala Val Leu Pro Ala Gly Ala Phe Ala
100 105 110

Arg Arg Pro Pro Leu Ala Glu Leu Ala Ala Leu Asn Leu Ser Gly Ser
115 120 125

Arg Leu Asp Glu Val Arg Ala Gly Ala Phe Glu His Leu Pro Ser Leu
130 135 140

Arg Gln Leu Asp Leu Ser His Asn Pro Leu Ala Asp Leu Ser Pro Phe
145 150 155 160
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60

Ala

Glu

Arg

Leu

Leu

225

Leu

Leu

Leu

Val

Met

305

Leu

Leu

Gln

Ile

Met

385

Tyr

Asn

<210>
<211>
<212>
<213>

<400>

Phe

Leu

Ser

Gln

210

Pro

Ser

Thr

His

Phe

290

Val

Thr

Asn

Thr

Phe

370

His

Arg

Ser

Ser

Ile

Phe

195

Gly

Arg

Asn

His

Asn

275

Leu

Thr

Cys

Ser

Ser

355

Leu

Asn

Tyr

Asp

Gly Ser Asn Ala Ser

165

Leu Asn His Ile Val

180

Glu Gly Met Val Val

200

Leu Arg Arg Leu Glu

215

Asp Val Leu Ala Gln
230

Asn Ser Leu Val Ser

245

Leu Glu Ser Leu His

260

Gly Thr Leu Ala Glu

280

Asp Asn Asn Pro Trp

295

Trp Leu Lys Glu Thr
310

Ala Tyr Pro Glu Lys

325

Ala Asp Leu Asp Cys

340

Tyr Val Phe Leu Gly

360

Leu Val Leu Tyr Leu

375

Ile Arg Asp Ala Cys
390

Glu Ile Asn Ala Asp

405

Val
420

SEQ ID NO 25
LENGTH: 5301
TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 25

agcatcaaac agacagacat

cgaagggaga

gaacacgact

ggtgtttaac

aggcagtcag

tggcagtggt

aagcaggcetyg

gtgacctcca

cactttcaca

agtgagtgaa

gagcccettet
cceettgect
accagtcaat
cagcaatgag
ctacacttce
ttctggteac
aaggccaagg
agagtctgca

cactcaagca

ttattgaaat

tccagagaac

aatgatgtcc

gaaagctgee

aaggcagcca

gtagggactg

tcatgatttyg

acatagtcca

agctgecect

ctttggtatg

Val Ser Ala
170

Pro Pro Glu
185

Ala Ala Leu

Leu Ala Ser

Leu Pro Ser

235

Leu Thr Tyr
250

Leu Glu Asp
265

Leu Gln Gly

Val Cys Asp

Glu Val Val

315

Met Arg Asn
330

Asp Pro Ile
345

Ile Val Leu

Asn Arg Lys

Arg Asp His

395

Pro Arg Leu
410

acctactgga
acaacaattc
gttettetta
tgcaactatg
ccatgaaaac
gaggcaggte
agcacttgtg
gagcaggaga
ctaaggctge

cttetgacte

Pro

Asp

Leu

Asn

220

Leu

Val

Asn

Leu

Cys

300

Gln

Arg

Leu

Ala

Gly

380

Met

Thr

Ser

Glu

Ala

205

His

Arg

Ser

Ala

Pro

285

His

Gly

Val

Pro

Leu

365

Ile

Glu

Asn

Pro

Arg

190

Gly

Phe

His

Phe

Leu

270

His

Met

Lys

Leu

Pro

350

Ile

Lys

Gly

Leu

cataatacac

cctcattcat

agettetett

taacccctcet

¢ggagaggga

tccatgcagt

ctgtatgaga

gggcceegte

agttgaacct

tatggacaca

Leu Val
175

Gln Asn

Arg Ala

Leu Tyr

Leu Asp

240

Arg Asn
255

Lys Val

Ile Arg

Ala Asp

Asp Arg

320

Leu Glu
335

Ser Leu

Gly Ala

Lys Trp

Tyr His

400

Ser Ser
415

tggcaactce
acaacacaga
ccccagetga
cccteggaga
gttttggect
taagtggggg
aaaggtacct
tgtacgcatt
gtgttggece

taccaggtta

60

120

180

240

300

360

420

480

540

600
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cactcaaagc cgctatgtac acaggcacga atgtgcctge atgtgtctat gtgagacaca 660
tttgtttgga actgetgtgt gcaagectcee cgtgcacatyg catgcacatc caagtaagaa 720
taaatttgat agaccacaca tgggcatgtg taagtctgtt tgtgtaaagt ttgccttttt 780
gtgtagaggce acacgtgtgt aaactcaggt ggccatgtat acagacatgt ccagctctaa 840
aagctactac tgtcatctge tagcatctgg aggttatcat ggagacagga ctaggtcaat 900
atgagctgag ggagtccage aagatcacca gectggtect tagtgttggt atttgectga 960
gacccaggga atgcaggata tgcctcagaa agtggtttca atttgctggt cgatcttcta 1020
aatgcaactt cagggaagaa accaaccagt agtcttcagt tcaggagaaa gagactgact 1080
gatgcttatg gggaggaggg gagcctctat cccaaccagce tcectgccaagt aagatactcg 1140
aatggcctge agatcaaatg tcagcttctce caacctgaat aattcatgcc aagaccagga 1200
atgctcecte ctcectggagte tgtctcettta aatcaggtet tgagecttcte aattctggag 1260
gaaaaaaaaa gtaaataagt aaaacccaga aagaaagaaa aacaaaacaa aacaaaacaa 1320
gcctattaac agctcagcce ccacctcage cctggatttt accacacccce caccctecac 1380
tacaaaatca gttcctgatt ttecctgectcee tagagcccte tceccccaaccg gcacaccact 1440
caatattgac tggtagggca atttggaggg gaaggggcac agtatcctgg cagtactcag 1500
tgctggggeyg gggtgggcaa gcaaagagcet gaatcactee acccaccget ccctgagect 1560
aggaggggcece cagcectgaaa ggtggaacca atgggagtgg tcettggcaga ggcagagcag 1620
cctgaattag ggcgcgggag atgtggggac agagggtgtt ttagaacata gaagagggtce 1680
gataaaagac tggacacaca ggacctgcag agttttagac acagcctaag ggaactgggt 1740
tcgcaaagga gacatccaag gctagggatt ttccaggcetce gectceccttag cacagctect 1800
ttecttgact acaagaagag taactttgtce agcccacccce tcagccecctge ctecttttet 1860
agggacagct ctaaactctce ccaccttcte tgggtgcaca gatccacctg ccaggtcagce 1920
cctgagggee ccgecccacg tgtgettegg agggaggagyg aaagaagctyg cctaaacgaa 1980
gggggtggygy aaagaagcaa gtcagagcett ggggagcecaa acttctcage agetcegtgaa 2040
ctagagagca ggggagcaag agagcgcagce ggccctaage ctgcatctece ggagectcce 2100
acccegecte ccttgegagg aggtgeggag actcecgetgyg gggeggagga ggcggcecagg 2160
aggcggggag ggggaggcaa accctgecca cteggcetegyg ageccggaac agcecgeggaa 2220
gteggaggee ggagcgcagg gcgacgaggg cagcgaggge ggggggetec getccccgee 2280
tgaccecetgt agcccccage catcaaagtg aaggctcectce ggactttaca agctggagga 2340
cggaccggtce ggaactgtca getgctecgg gtcaaggtet agcccacage caccttececg 2400
tgccacccece atcccatcat ctccaaacgce tceccaattca ctggtgageg ctgcgggecg 2460
ggggctggat geggggacgg ccgegatgge cccgegegeg ggacageggg ggcetcetggag 2520
ccegetgeca gggetgetge tettggegge ggegetgage cggeccgecyg cgceectgtece 2580
cttccagtgt tactgctteg gcagcecccceg gttaatgttg cgctgegegt cgggcecgcgga 2640
geteeggeayg cegeccceggg acgtgecace cgacgegege aacctcacca tegtgggege 2700
caacctgace gtgctgegeg ccgcagectt cgegggaggyg ggcgaggggy cgacggacgg 2760
cgtgcgecta cecgctectta cegecgetgeg cctcacacac aacaacatcg aggtagtaga 2820
ggacggtgee ttcgacgggt tgcccagect ggeggcacte gacctaagec acaacccget 2880
acgcgeectg ggctaccgeg ccectttegegg gctgectgeg ctgcgcectcac tacagctcaa 2940
tcacgegetyg gctegaggca gecccgggat getggatgea ctggacgecyg ctetggecce 3000
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cctggecgag cttegectge tgggettggt aggcaacgeg ctgagccgece tgccactegce 3060
cgegetgege ctgecccgece tggagcaget ggatgegegt gtcaacgege tggecggect 3120
gggeccggac gagetgageg cgcttgageg cgatggegac ctgccccage cgegectget 3180
gctggcggac aacccactga gctgtgggtg cacctegcege cccctgetgg cctggctgea 3240
caacgccace gagcgegtac ccgacgegeg cegectgege tgegettece cgegegtact 3300
gttggaccgg cctectgatag acctggacga ggcgcgacta ggttgctceccg acggcgatge 3360
acacgagagc ggggaaggga tagacgtcgce cggcccggag ttggaagcct cttacgtcett 3420
cttecgggetg gtgctggcac tcatcggect catcttecte atggtgctcet acctaaaccg 3480
cegeggeate caacgcetgga tgcacaattt gegegaggece tgcagagatce agatggaggg 3540
ctaccactac cgctacgagc aggatgcaga cccacgcecge gegectgete cggecgecce 3600
tgccggcetee cgggccactt cteccaggcte gggtctetga gecatcaccte cctagtggga 3660
ggctgttect atcagctgat gactttactt gggccatgca gectttectcet gecctggectyg 3720
ggccecggag ataacacact tacgagtttg gatctctgag acctttggat caatcgtagt 3780
atctctecca tacagaaatt ccaaggtgta ctecttteect ggcecttagag tttceccagatce 3840
aaaaacccag aaatctgttt tcagaaacaa atcctgectg ccggtecctta ctggaccatt 3900
gaaattgaaa ttccttctcee ctgtccagge tcacccaaag atcctgectcet tcecattttga 3960
aatctctage actttctcecca cctttcectata tgctttaage cagacaccct ggctagattg 4020
cactgaccce tgctccaggg tagaagacct cagtcccttt ctcagagtte tggggggagg 4080
gggggtctac ccttcetggte tctttggaag gtttttatga agtttgaget ttttgtcecca 4140
cctcagaact ctgggctcecte catcatgtaa cccaaatctg aaggctttca gtggtcectect 4200
ctaatctgat ttgcttcata ccctggttct agctcaggcce cttcecattece ttgetettgg 4260
ctgggtttca gctcececggect tgtcectettte atgeccagggg caaggaaggce ttggtgtaga 4320
atccaagcct tagcectttet gttgcecggcte taatgtcecca acagagtttg tectccatct 4380
aaaagtcagc tcttcaccecce agtcacttte atgccctgge ccaagtctta ggctctcagt 4440
ccecttgaca teccatcgetyg gcecacttttac cattcattga ccaggggcca gagagggcetce 4500
ttccececcatg gtggggtgcet acccactgce ctectaggag atgttcectceece atcctgcagg 4560
acaagtaaaa gcacccccat agcatatagg cagacttgag ggaggaaggyg agcaggtggg 4620
gtgagcaggg tctccaatce agggccactg gtctgtctgg aaacgtgagg cttggagetg 4680
ctgcccatct gtgctctgtyg cttcaccate cacacggtcecce tcccecctggga actcecttget 4740
accacctecte atgcecttetyg gaaggggatg gagtctgacce tettgtctca gtcectcagtgg 4800
aaagctttcce tggtcaaggt catggcctca gtgccctgece ttcectgcatga teccaaagca 4860
caatggtgag tgagggggaa ctgcctccct gcectctcace ctaagtcagg cagaatggca 4920
ggcectgtget gectctgcac aggaaggtct tectectcetg tatatcgget tgaggcccge 4980
tgtcccecate ctcaactgag aaatctggac ctcececcttggg ctgttttcta taaagtcetgce 5040
aataatctcc gatgctctet getcecttgtaa gtggttetgt gtttgtceccta ctgaccttgg 5100
ggcattggtyg ggcgtgaaag gtgacaagag gtggccattt ggggcagtgg cccttatgca 5160
ctctctggag atgtgggaaa aagaaacagg ctgtgagtac acatagcaag actgaggcta 5220
gacacagggg gtgggggtgc tcteccgtcat tcectccagect getttttaat ggtcectgaaac 5280
gggcttatcc acagccagca t 5301

<210> SEQ ID NO 26
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<211> LENGTH: 5301
<212> TYPE: DNA
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 26
agcatcaaac agacagacat ttattgaaat acctactgga cataatacac tggcaactce 60
cgaagggaga gagcccttcet tccagagaac acaacaattce cctcattcat acaacacaga 120
gaacacgact ccccttgect aatgatgtcce gttcettetta agettcetett ceccagetga 180
ggtgtttaac accagtcaat gaaagctgcc tgcaactatg taacccctet cecteggaga 240
aggcagtcag cagcaatgag aaggcagcca ccatgaaaac cggagaggga gttttggect 300
tggcagtggt ctacacttcc gtagggactg gaggcaggte tccatgcagt taagtggggg 360
aagcaggctg ttctggtcac tcatgatttg agcacttgtyg ctgtatgaga aaaggtacct 420
gtgacctceca aaggccaagg acatagtcca gagcaggaga gggccccegtce tgtacgcatt 480
cactttcaca agagtctgca agctgccect ctaaggctge agttgaacct gtgttggece 540
agtgagtgaa cactcaagca ctttggtatg cttctgacte tatggacaca taccaggtta 600
cactcaaagc cgctatgtac acaggcacga atgtgcctge atgtgtctat gtgagacaca 660
tttgtttgga actgetgtgt gcaagectcee cgtgcacatyg catgcacatc caagtaagaa 720
taaatttgat agaccacaca tgggcatgtg taagtctgtt tgtgtaaagt ttgccttttt 780
gtgtagaggce acacgtgtgt aaactcaggt ggccatgtat acagacatgt ccagctctaa 840
aagctactac tgtcatctge tagcatctgg aggttatcat ggagacagga ctaggtcaat 900
atgagctgag ggagtccage aagatcacca gectggtect tagtgttggt atttgectga 960
gacccaggga atgcaggata tgcctcagaa agtggtttca atttgctggt cgatcttcta 1020
aatgcaactt cagggaagaa accaaccagt agtcttcagt tcaggagaaa gagactgact 1080
gatgcttatg gggaggaggg gagcctctat cccaaccagce tcectgccaagt aagatactcg 1140
aatggcctge agatcaaatg tcagcttctce caacctgaat aattcatgcc aagaccagga 1200
atgctcecte ctcectggagte tgtctcettta aatcaggtet tgagecttcte aattctggag 1260
gaaaaaaaaa gtaaataagt aaaacccaga aagaaagaaa aacaaaacaa aacaaaacaa 1320
gcctattaac agctcagcce ccacctcage cctggatttt accacacccce caccctecac 1380
tacaaaatca gttcctgatt ttecctgectcee tagagcccte tceccccaaccg gcacaccact 1440
caatattgac tggtagggca atttggaggg gaaggggcac agtatcctgg cagtactcag 1500
tgctggggeyg gggtgggcaa gcaaagagcet gaatcactee acccaccget ccctgagect 1560
aggaggggcece cagcectgaaa ggtggaacca atgggagtgg tcettggcaga ggcagagcag 1620
cctgaattag ggcgcgggag atgtggggac agagggtgtt ttagaacata gaagagggtce 1680
gataaaagac tggacacaca ggacctgcag agttttagac acagcctaag ggaactgggt 1740
tcgcaaagga gacatccaag gctagggatt ttccaggcetce gectceccttag cacagctect 1800
ttecttgact acaagaagag taactttgtce agcccacccce tcagccecctge ctecttttet 1860
agggacagct ctaaactctce ccaccttcte tgggtgcaca gatccacctg ccaggtcagce 1920
cctgagggee ccgecccacg tgtgettegg agggaggagyg aaagaagctyg cctaaacgaa 1980
gggggtggygy aaagaagcaa gtcagagcett ggggagcecaa acttctcage agetcegtgaa 2040
ctagagagca ggggagcaag agagcgcagce ggccctaage ctgcatctece ggagectcce 2100
acccegecte ccttgegagg aggtgeggag actcecgetgyg gggeggagga ggcggcecagg 2160
aggcggggag ggggaggcaa accctgecca cteggcetegyg ageccggaac agcecgeggaa 2220
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gteggaggee ggagcgcagg gcgacgaggg cagcgaggge ggggggetec getccccgee 2280
tgaccecetgt agcccccage catcaaagtg aaggctcectce ggactttaca agctggagga 2340
cggaccggtce ggaactgtca getgctecgg gtcaaggtet agcccacage caccttececg 2400
tgccacccece atcccatcat ctccaaacgce tceccaattca ctggtgageg ctgcgggecg 2460
ggggctggat geggggacgg ccgegatgge cccgegegeg ggacageggg ggcetcetggag 2520
ccegetgeca gggetgetge tettggegge ggegetgage cggeccgecyg cgceectgtece 2580
cttccagtgt tactgctteg gcagcecccceg gttaatgttg cgctgegegt cgggcecgcgga 2640
geteeggeayg cegeccceggg acgtgecace cgacgegege aacctcacca tegtgggege 2700
caacctgace gtgctgegeg ccgcagectt cgegggaggyg ggcgaggggy cgacggacgg 2760
cgtgcgecta cecgctectta cegecgetgeg cctcacacac aacaacatcg aggtagtaga 2820
ggacggtgee ttcgacgggt tgcccagect ggeggcacte gacctaagec acaacccget 2880
acgcgeectg ggctaccgeg ccectttegegg gctgectgeg ctgcgcectcac tacagctcaa 2940
tcacgegetyg gctegaggca gecccgggat getggatgea ctggacgecyg ctetggecce 3000
cctggecgag cttegectge tgggettggt aggcaacgeg ctgagccgece tgccactegce 3060
cgegetgege ctgecccgece tggagcaget ggatgegegt gtcaacgege tggecggect 3120
gggeccggac gagetgageg cgcttgageg cgatggegac ctgccccage cgegectget 3180
gctggcggac aacccactga gctgtgggtg cacctegcege cccctgetgg cctggctgea 3240
caacgccace gagcgegtac ccgacgegeg cegectgege tgegettece cgegegtact 3300
gttggaccgg cctectgatag acctggacga ggcgcgacta ggttgctceccg acggcgatge 3360
acacgagagc ggggaaggga tagacgtcgce cggcccggag ttggaagcct cttacgtcett 3420
cttecgggetg gtgctggcac tcatcggect catcttecte atggtgctcet acctaaaccg 3480
cegeggeate caacgcetgga tgcacaattt gegegaggece tgcagagatce agatggaggg 3540
ctaccactac cgctacgagc aggatgcaga cccacgcecge gegectgete cggecgecce 3600
tgccggcetee cgggccactt cteccaggcte gggtctetga gecatcaccte cctagtggga 3660
ggctgttect atcagctgat gactttactt gggccatgca gectttectcet gecctggectyg 3720
ggccecggag ataacacact tacgagtttg gatctctgag acctttggat caatcgtagt 3780
atctctecca tacagaaatt ccaaggtgta ctecttteect ggcecttagag tttceccagatce 3840
aaaaacccag aaatctgttt tcagaaacaa atcctgectg ccggtecctta ctggaccatt 3900
gaaattgaaa ttccttctcee ctgtccagge tcacccaaag atcctgectcet tcecattttga 3960
aatctctage actttctcecca cctttcectata tgctttaage cagacaccct ggctagattg 4020
cactgaccce tgctccaggg tagaagacct cagtcccttt ctcagagtte tggggggagg 4080
gggggtctac ccttcetggte tctttggaag gtttttatga agtttgaget ttttgtcecca 4140
cctcagaact ctgggctcecte catcatgtaa cccaaatctg aaggctttca gtggtcectect 4200
ctaatctgat ttgcttcata ccctggttct agctcaggcce cttcecattece ttgetettgg 4260
ctgggtttca gctcececggect tgtcectettte atgeccagggg caaggaaggce ttggtgtaga 4320
atccaagcct tagcectttet gttgcecggcte taatgtcecca acagagtttg tectccatct 4380
aaaagtcagc tcttcaccecce agtcacttte atgccctgge ccaagtctta ggctctcagt 4440
ccecttgaca teccatcgetyg gcecacttttac cattcattga ccaggggcca gagagggcetce 4500
ttccececcatg gtggggtgcet acccactgce ctectaggag atgttcectceece atcctgcagg 4560
acaagtaaaa gcacccccat agcatatagg cagacttgag ggaggaaggyg agcaggtggg 4620



69

US 8,715,947 B2

-continued

gtgagcaggg tctccaatce

ctgcccatet gtgetetgtg

accacctete atgecttetg

aaagctttce tggtcaaggt

caatggtgag tgagggggaa

ggcctgtget gectetgeac

tgtccccate ctcaactgag

aataatctce gatgetctet

ggcattggtg ggcgtgaaag

ctctetggayg atgtgggaaa

gacacagggg gtgggggtgce

gggcttatce acagccagca

<210> SEQ ID NO 27
<211> LENGTH: 384
<212> TYPE: PRT
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 27

agggccactyg
cttcaccatce
gaaggggatg
catggectca
ctgecteect
aggaaggtct
aaatctggac
getettgtaa
gtgacaagag
aagaaacagg
tctecgteat

t

Met Ala Pro Arg Ala Gly Gln Arg

1

Leu

Phe

Ser

Arg

Ala

Leu

Asp

Ala

145

Gly

Arg

Ala

Leu

Asp

225

Gly

Leu

Gln

Gly

50

Asn

Phe

Leu

Gly

Asn

130

Leu

Met

Leu

Leu

Ala

210

Leu

Cys

Leu Leu Ala Ala Ala Leu

20

Cys Tyr Cys Phe Gly Ser

35

40

Ala Glu Leu Arg Gln Pro

55

Leu Thr Ile Val Gly Ala

70

Ala Gly Gly Gly Glu Gly

85

Thr Ala Leu Arg Leu Thr

100

Ala Phe Asp Gly Leu Pro

115

120

Pro Leu Arg Ala Leu Gly

135

Arg Ser Leu Gln Leu Asn
150

Leu Asp Ala Leu Asp Ala

165

Leu Gly Leu Val Gly Asn

180

Arg Leu Pro Arg Leu Glu

195

200

Gly Leu Gly Pro Asp Glu

215

Pro Gln Pro Arg Leu Leu
230

Thr Ser Arg Pro Leu Leu

245

gtctgtetgyg
cacacggtec
gagtctgace
gtgccetgee
gectetcace
tcctectetyg
ctcecttggy
gtggttetgt
gtggccattt
ctgtgagtac

tctecagect

Gly Leu Trp
10

Ser Arg Pro
25

Pro Arg Leu

Pro Arg Asp

Asn Leu Thr

75

Ala Thr Asp
90

His Asn Asn
105

Ser Leu Ala

Tyr Arg Ala

His Ala Leu

155

Ala Leu Ala
170

Ala Leu Ser
185

Gln Leu Asp

Leu Ser Ala

Leu Ala Asp
235

Ala Trp Leu
250

aaacgtgagg cttggagcetg

tccectggga actecttget

tcttgtcteca gtetcagtygy

ttctgcatga tcccaaagca

ctaagtcagg cagaatggca

tatatcgget tgaggcccge

ctgttttecta taaagtctge

gtttgtceta ctgaccttgg

ggggcagtgg cccttatgca

acatagcaag actgaggcta

getttttaat ggtctgaaac

Ser

Ala

Met

Val

60

Val

Gly

Ile

Ala

Phe

140

Ala

Pro

Arg

Ala

Leu

220

Asn

His

Pro

Ala

Leu

45

Pro

Leu

Val

Glu

Leu

125

Arg

Arg

Leu

Leu

Arg

205

Glu

Pro

Asn

Leu Pro Gly
15

Pro Cys Pro
30

Arg Cys Ala

Pro Asp Ala

Arg Ala Ala

Arg Leu Pro

95

Val Val Glu
110

Asp Leu Ser

Gly Leu Pro

Gly Ser Pro

160

Ala Glu Leu
175

Pro Leu Ala
190

Val Asn Ala

Arg Asp Gly

Leu Ser Cys
240

Ala Thr Glu
255

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5301
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72

Arg

Leu

Asp

Glu

305

Gly

Arg

Tyr

Pro

Val

Asp

Gly

290

Leu

Leu

Trp

His

Ala
370

Pro

Arg

275

Asp

Glu

Ile

Met

Tyr

355

Ala

Asp

260

Pro

Ala

Ala

Phe

His

340

Arg

Pro

Ala

Leu

His

Ser

Leu

325

Asn

Tyr

Ala

<210> SEQ ID NO 28

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Pro Gly Ala

1

Arg

Ala

Leu

Ala

65

Asn

Phe

Arg

Arg

145

Val

Glu

Gly

Leu

Ser

225

Ser

Leu

Pro

Ala

50

Cys

Leu

Leu

Gln

Leu

130

Arg

Phe

Leu

Ser

Arg

210

Asn

Leu

Ala

Ser

35

Ser

Glu

Leu

Thr

Pro

115

Lys

Leu

Ala

Ile

Phe

195

Ser

His

Arg

Arg

20

Ser

Gly

Cys

Glu

Gly

100

Pro

Glu

Asp

Gly

Leu

180

Glu

Gly

Phe

Tyr

426

Mus
28

Gly

Leu

Ser

Ser

Ser

Val

85

Asn

Leu

Val

Leu

Ser

165

Asn

Gly

Leu

Leu

Leu
245

Arg Arg Leu
Ile Asp Leu
280

Glu Ser Gly
295

Tyr Val Phe
310

Met Val Leu

Leu Arg Glu

Glu Gln Asp

360

Gly Ser Arg
375

musculus

Ser Arg Gly

Ala Leu Val

Val Pro Ser

40

Ala Gln Pro
55

Glu Ala Ala
70

Pro Ala Asp

Gln Met Thr

Ala Asp Leu

120

Cys Ala Gly
135

Ser His Asn
150

Asn Ala Ser

His Ile Val

Met Val Ala

200

Ala Leu Arg
215

Phe Leu Pro
230

Asp Leu Arg

Arg

265

Asp

Glu

Phe

Tyr

Ala

345

Ala

Ala

Pro

Leu

25

Ser

Pro

Arg

Leu

Val

105

Glu

Ala

Pro

Val

Pro

185

Phe

Gly

Arg

Asn

Cys

Glu

Gly

Gly

Leu

330

Cys

Asp

Thr

Ser

10

Leu

Ser

Pro

Thr

Pro

90

Leu

Ala

Phe

Leu

Ser

170

Pro

Glu

Leu

Asp

Asn
250

Ala

Ala

Ile

Leu

315

Asn

Arg

Pro

Ser

Ala

Gly

Thr

Ala

Val

75

Pro

Pro

Leu

Glu

Thr

155

Ala

Glu

Gly

Thr

Leu

235

Ser

Ser

Arg

Asp

300

Val

Arg

Asp

Arg

Pro
380

Gly

Trp

Ser

Glu

60

Lys

Tyr

Ala

Asn

His

140

Asn

Pro

Asp

Met

Arg

220

Leu

Leu

Pro

Leu

285

Val

Leu

Arg

Gln

Arg

365

Gly

Asp

Val

Pro

45

Arg

Cys

Val

Gly

Leu

125

Leu

Leu

Ser

Gln

Val

205

Leu

Ala

Val

Arg

270

Gly

Ala

Ala

Gly

Met

350

Ala

Ser

Gly

Ser

30

Ala

Cys

Val

Arg

Ala

110

Ser

Pro

Ser

Pro

Arg

190

Ala

Glu

Gln

Ser

Val

Cys

Gly

Leu

Ile

335

Glu

Pro

Gly

Arg

Ala

Asp

Pro

Asn

Asn

95

Phe

Gly

Gly

Ala

Leu

175

Gln

Ala

Leu

Leu

Leu
255

Leu

Ser

Pro

Ile

320

Gln

Gly

Ala

Leu

Leu

Ser

Phe

Ala

Arg

Leu

Ala

Asn

Leu

Phe

160

Glu

Asn

Ala

Ala

Pro

240

Thr
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Tyr Ala Ser Phe Arg Asn Leu Thr His Leu Glu Ser Leu His Leu Glu
260 265 270
Asp Asn Ala Leu Lys Val Leu His Asn Ser Thr Leu Ala Glu Trp Gln
275 280 285
Gly Leu Ala His Val Lys Val Phe Leu Asp Asn Asn Pro Trp Val Cys
290 295 300
Asp Cys Tyr Met Ala Asp Met Val Ala Trp Leu Lys Glu Thr Glu Val
305 310 315 320
Val Pro Asp Lys Ala Arg Leu Thr Cys Ala Phe Pro Glu Lys Met Arg
325 330 335
Asn Arg Gly Leu Leu Asp Leu Asn Ser Ser Asp Leu Asp Cys Asp Ala
340 345 350
Val Leu Pro Gln Ser Leu Gln Thr Ser Tyr Val Phe Leu Gly Ile Val
355 360 365
Leu Ala Leu Ile Gly Ala Ile Phe Leu Leu Val Leu Tyr Leu Asn Arg
370 375 380
Lys Gly Ile Lys Lys Trp Met His Asn Ile Arg Asp Ala Cys Arg Asp
385 390 395 400
His Met Glu Gly Tyr His Tyr Arg Tyr Glu Ile Asn Ala Asp Pro Arg
405 410 415
Leu Thr Asn Leu Ser Ser Asn Ser Asp Val
420 425
<210> SEQ ID NO 29
<211> LENGTH: 2112
<212> TYPE: DNA
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 29
gecagcecceegyg gatgetggat gcactggacg ccgctetgge ceccctggec gagettegee 60
tgctgggett ggtaggcaac gecgctgagece gectgccact cgecgegetyg cgectgecce 120
gectggagea getggatgeg cgtgtcaacg cgetggecgg cctgggeccyg gacgagcetga 180
gegegettga gegegatgge gacctgecce agecgegect getgetggeg gacaacccac 240
tgagectgtgg gtgcaccteg cgcccectge tggectgget gcacaacgece accgagegceg 300
taccecgacge gcgecgectg cgetgegett ceccgegegt actgttggac cggectcetga 360
tagacctgga cgaggcgcga ctaggttget cegacggega tgcacacgag agcggggaag 420
ggatagacgt cgccggcceg gagttggaag cctcettacgt cttetteggg ctggtgetgg 480
cactcatcgg cctcatctte ctcatggtge tctacctaaa cegecgegge atccaacgcet 540
ggatgcacaa tttgcgcgag gcctgcagag atcagatgga gggctaccac taccgctacyg 600
agcaggatgce agacccacgc cgcgcgectg cteeggecege cectgecgge tcecegggeca 660
cttetecagg ctegggtete tgagcatcac ctacctagtyg ggaggcetgtt cctatcaget 720
gatgacttta cttgggccat gcagecttte tectgectgge ctgggeccag gagataacac 780
acttacgagt ttggatctct gagacctttg gatcaatcgt agtatctcte ccatacagaa 840
attccaaggt gtactctttc cctggectta gagtttccag atcaaaaacc cagaaatctg 900
ttttcagaaa caaatcctgce ctgccggtece ttactggacce attgaaattg aaattcctte 960
tcectgteca ggctcaccca aagatcctge tcettecattt tgaaatctet agcactttet 1020
ccacctttet atatgcttta agccagacac cctggctaga ttgcactgac cecctgctceca 1080
gggtagaaga cctcagtcce tttectcagag ttcectgggggg agggggggtce tacccttetg 1140
gtctectttgg aaggttttta tgaagtttga gectttttgte ccacctcaga actctggget 1200
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ctccatcatg

ataccctggt

ccttgtetet

tctgttgegy

cccagteact

ctggcacttt

gctacccact

catagcatat

tccagggeca

gtgcttcace

ctggaagggy

ggtcatggee

ggaactgect

gcacaggaag

tgagaaatct

ctetgetett

taacccaaat

tctageteag

ttcatgccag

ctctaatgte

ttcatgecect

taccattcat

gecctectag

aggcagactt

ctggtetgte

atccacacgg

atggagtctg

tcagtgeeee

cecctgectet

gtcttectee

ggacctcect

g9

<210> SEQ ID NO 30
<211> LENGTH: 226
<212> TYPE:

<213> ORGANISM: Mus

PRT

<400> SEQUENCE: 30

Ser

1

Glu

Leu

Asn

Asp

65

Ser

Thr

Val

Cys

Gly

145

Leu

Ile

Glu

ctgaaggett
geccttecat
gggcaaggaa
ccaacagagt
ggcccaagte
tgaccagggg
gagatgttcet
gagggaggaa
tggaaacgtyg
tccteceety
acctettgte
tgccttetge
caccctaagt
tctgtatate

tgggetgttt

musculus

Pro Gly Met Leu Asp Ala Leu

Leu

Ala

Ala

50

Gly

Cys

Glu

Leu

Ser

130

Pro

Ile

Gln

Gly

Arg

Ala

35

Leu

Asp

Gly

Arg

Leu

115

Asp

Glu

Gly

Arg

Tyr
195

Leu Leu Gly Leu Val

20

Leu Arg Leu Pro Arg

40

Ala Gly Leu Gly Pro

55

Leu Pro Gln Pro Arg

70

Cys Thr Ser Arg Pro

85

Val Pro Asp Ala Arg

100

Asp Arg Pro Leu Ile

120

Gly Asp Ala His Glu

135

Leu Glu Ala Ser Tyr
150

Leu Ile Phe Leu Met

165

Trp Met His Asn Leu

180

His Tyr Arg Tyr Glu

200

tcagtggtct
tecttgetet
ggettggtgt
ttgtcctcaa
ttaggctete
ccagagaggg
cccatectge
gggagcaggt
aggcttggag
ggaactccett
tcagtctcag
atgatcccaa
caggcagaat
ggcttgagge

tctataaagt

Asp Ala Ala
10

Gly Asn Ala

Leu Glu Gln

Asp Glu Leu

Leu Leu Leu
75

Leu Leu Ala
90

Arg Leu Arg
105

Asp Leu Asp

Ser Gly Glu

Val Phe Phe

155

Val Leu Tyr
170

Arg Glu Ala
185

Gln Asp Ala

cctetaatet gatttgette

tggctgggtt

agaatccaag

tctaaaagtce

agtccectty

ctctteccce

aggacaagta

ggggtgagea

ctgetgececa

gctaccacct

tggaaagcett

agcacaatgg

ggcaggcctg

cecgetgtece

ctgcaataat

Leu

Leu

Leu

Ser

60

Ala

Trp

Cys

Glu

Gly

140

Gly

Leu

Cys

Asp

Ala

Ser

Asp

45

Ala

Asp

Leu

Ala

Ala

125

Ile

Leu

Asn

Arg

Pro
205

Pro

Arg

Ala

Leu

Asn

His

Ser

110

Arg

Asp

Val

Arg

Asp

190

Arg

tcagcteegy
ccttagectt
agctctteac
acatccatcg
atggtggggt
aaagcacccc
gggtctccaa
tetgtgetet
ctcatgecett
tcctggtceaa
tgagtgaggg
tgctgectet
catcctcaac

ctcegatget

Leu Ala
15

Leu Pro

Arg Val

Glu Arg

Pro Leu
80

Asn Ala
95

Pro Arg

Leu Gly

Val Ala

Leu Ala

160

Arg Gly
175

Gln Met

Arg Ala

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2112
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-continued

Pro Ala Pro Ala Ala Pro Ala Gly Ser Arg Ala Thr Ser Pro Gly Ser

210 215 220
Gly Leu
225
<210> SEQ ID NO 31
<211> LENGTH: 208
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 31

geggettege tgegeggaca
cceggagety gaagectect
cttectecatyg gtgcetctace

cgaggcgtgc cgggaccaga tggagggc

<210>
<211>
<212>
<213>

SEQ ID NO 32

LENGTH: 207

TYPE: DNA

ORGANISM: Homo sapiens

<400> SEQUENCE: 32

geggettege tgegeggaca
cceggagety gaagectect
cttectecatyg gtgcetctace

cgaggegtge cgggaccaga taaggge

geggegecga cgctcgegga gaggaggegg aggcecgcecgg
acgtgttett cgggetggtg ctggecactca teggectcat

taaaccgcceg cggcatccag cgctggatge gcaacctgeg

geggegecga cgctcgegga gaggaggegg aggcecgcecgg
acgtgttett cgggetggtg ctggecactca teggectcat

taaaccgcceg cggcatccag cgctggatge gcaacctgeg

60

120

180

208

60

120

180

207

The invention claimed is:

1. A method for identifying a chemotaxis inhibitor, com-
prising:

(a) providing a 5T4 polypeptide comprising at least a 5T4
transmembrane domain, a CXC chemokine receptor
polypeptide, which is selected from a CXCR4 polypep-
tide or a CXCR6 polypeptide, and a test agent under
conditions in which, in the absence of the test agent, the
5T4 polypeptide and the CXC chemokine receptor
polypeptide are able to interact; and

(b) determining whether the test agent inhibits the interac-
tion between 5T4 polypeptide and the CXC chemokine
receptor polypeptide;

wherein inhibition of said interaction indicates that said test
agent is a chemotaxis inhibitor.

2. The method according to claim 1, wherein determining
whether the test agent inhibits said interaction comprises
detecting a complex comprising the 5T4 polypeptide and the
CXC chemokine receptor polypeptide, and wherein a
decrease in the level of said complex and/or a decrease in the
formation of said complex in the presence of the test agent, as
compared with in the absence of the test agent, indicates that
the test agent is a chemotaxis inhibitor.

3. The method according to claim 1, wherein the 5T4
polypeptide and the CXC chemokine receptor polypeptide
are expressed by a cell and the cell is contacted with the test
agent.

4. The method according to claim 3, wherein determining
whether the test agent inhibits said interaction comprises
detecting cell surface expression of the CXC chemokine
receptor polypeptide and/or a complex comprising the CXC
chemokine receptor polypeptide, and wherein a decrease in
the cell surface expression of the CXC chemokine receptor

35

40

45

50

55

60

65

polypeptide and/or said complex in the presence of the test
agent, as compared with in the absence of the test agent,
indicates that the test agent is a chemotaxis inhibitor.

5. The method according to claim 3, further comprising
assessing CXC chemokine receptor polypeptide-mediated
chemotaxis of the cell in the presence of the test agent, as
compared with in the absence of the test agent.

6. The method according to claim 3, further comprising
assessing CXC chemokine receptor polypeptide-mediated
cell proliferation and/or cell survival in the presence of the
test agent, as compared with in the absence of the test agent.

7. The method according to claim 3, wherein the cell is a
cancer cell.

8. The method according to claim 7, further comprising an
in vivo step of assessing metastasis of a cancer in a non-
human animal model to which the test agent has been admin-
istered, as compared with metastasis of a cancer in a control
non-human animal model to which the test agent has not been
administered.

9. The method according to claim 8, wherein said non-
human animal model is a 5T4 null rodent having an implanted
5T4-positive and CXC chemokine receptor-positive tumour.

10. The method according to claim 1, wherein the 5T4
polypeptide further comprises at least one of a 5T4 extracel-
Iular domain and a 5T4 cytoplasmic domain.

11. The method according to claim 1, wherein the CXC
chemokine receptor polypeptide comprises a CXC chemok-
ine receptor subfamily member other than CXCR3 and
CXCR7.

12. The method according to claim 1, where the test agent
comprises an agent selected from:

(a) an antibody or fragment thereof capable of binding the

5T4 polypeptide;
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(b) an antibody or fragment thereof capable of binding the
CXC chemokine receptor polypeptide;

(c) an antibody or fragment thereof capable of binding to
both the 5T4 polypeptide and the CXC chemokine
receptor polypeptide; and 5

(d) an antibody or fragment thereof which selectively binds
acomplex which comprises the 5T4 polypeptide and the
CXC chemokine receptor polypeptide.

13. The method according to claim 12, wherein the 5T4
polypeptide comprises an extracellular domain and wherein 10
the test agent comprises an antibody or fragment thereof that
binds the extracellular domain of the 5T4 polypeptide.

14. The method according to claim 1, wherein the test agent
is found to inhibit the interaction between 5T4 polypeptide
and the CXC chemokine receptor polypeptide. 15

15. The method according to claim 1, wherein the CXC
chemokine receptor polypeptide comprises a CXCR4
polypeptide or a CXCR6 polypeptide.

#* #* #* #* #*
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